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Tue poffibility of making cloths of gold, 
filver, and other metals, by chymical pro- 
cefles, occurredto me in the year 1780: the 
project being mentioned to Doétor Fulhame, 
and fome friends, was deemed improbable, 
However, after fome time, I had the fatis- 
faction of realizing the idea, in fome degree, 
by experiment. eae 

Animated by this fmall fuccefs, I have, 
from time to time, ever fince, profecuted the 
fubje&t as far as pecuniary circumftances 
would permit. / 

Timagined in the beginning, that a few 
experiments would determine the problem ; 
but experience foon. convinced me, that a 
very great number indeed were neceflary, be- 
fore fuch an art could be brought to any to- 
erable degree of perfection. 

A narration of the numerous experiments, 
which I made with this view, would far ex- 
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ceed the bounds, I prefcribe myfelf in this 
eflay ; I thall therefore prefent the reader only- 
with a few, feleéting fuch asI judge moft in- 
terefting, and beft adapted to illuftrate the 
fubject. 

Though I was, after fome confiderable 
time, able to make {mall bits of cloth of 
gold, and filver, yet I did not think them 
worthy of public attention; but by perfe- 
vering, I at length fucceeded in making pieces 
of gold cloth, as large as my finances would 
admit. 

Some time after this period, I found the 
invention was applicable to painting, and 
would alfo contribute to’ facilitate the ftudy 
_ of geography : for I have applied it to fome 
maps, the rivers of which I reprefented in 
filver, andthe cities in gold. The rivers ap- 
pearing, as it were, in filver ftreams, have a 
_ mott pleafing effect on the fight, and relieve 

the eye of that painful fearch for the courfe, 
and origin, of rivers, the minuteft branches of 
which can be fplendidly reprefented in this 
way. | 

Ro hseitending this further fuccefs, I was 
dubious about the propriety of publifhing this 

Effay ; I therefore fhewed fome fpecimens of 

thefe metallic {tufts to perfons, whom Ithought 

qualified to judge of them : fome approved cf 


them very much, and were pleafed to fay, — 


that the invention would make an era in the 
arts ; others thought it a pretty conceit ; and 
others were of opinion, that the ftuffs had 

: not 
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not that fplendour, or burnithed appearance, 
which could entitle them to public notice. 

The latter opinion had much weight with 
me; for it mutt be allowed, that the fpeci- 
mens, which I fhewed them, had not that 
luftre and polifh, neceflary for thoulder-knots, 
lace, {fpangles, gold muilins, &e. 5 that fome 
‘of them had a reddifh caft, bordering on the 
colour of copper, fore a purple, mixed with 
gold; and that fome of them were unequal 
in the die, and feemed ftained ; which im- 
perfections were owing to a partial reduétion 
of the metal in the fibres of the filk. 

But all thefe imperfections, except the 
want of that burnifhed luftre fo neceffary for 
gold lace, fpangles, &c. I knew I could re- 
medy ; and therefore the criticifm, as far as 
it relates to them, had no great influence with 
me. 

Jam in poffeffion of fome pieces, one of 
which is about a yard in length, which have 
{carce any of thefe imperfections. 

Moreover, that high polifh of burnifhed 
gold, fo neceffary in fpangles, lace, &c., 
would, in my opinion, be a great imperfec- 
tion in gold ftuffs defigned for whole fuits ; as 
a perfon in fuch a habit, would look like a 
_ gilded ftatue. 

I faw a piece of gold ftuff made for the late 
King of Spain, which was ofa purple colour, 
with gold wire fhining through it, though 
rather obfcurely ; and it was much admired : 
Twas fo ftruck with its beauty, that I at- 

tempted 
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tempted to imitate it on a fimall bit of white 
filk ; and fucceeded, having produced a beau- 
tiful purple colour, with gold beaming through 
It. ‘ : 
Therefore, the want of that burnifhed ap- 
pearance is no objeCtion to this art ; for the 

aler, and cooler, to a certain degree, the co- 
lour of the gold is, the more lovely do thefe 
metallic cloths appear. aes | 
- I made {mall bits of gold tiffany, which 
looked exceedingly beautiful ; the finenefs of 
the thread contributing much to that effeé ; 
and, in-my opinion, fuch webs are inimitable 
by mechanical means. 

Befide, though I am not able to make 
eloths like burnifhed gold, others of greater 
means and abilities may ; for we cannot pre= 
tend to prefcribe any limits to the perfe@tion, 
at which chymiftry,. and the arts, may ar- 
rive. ae 

However, I muft acknowledge, that this 

nfavourable judgement fufpended my inten- 
tiomof publithine this littl work, until ace- 
icbted philofopher happening, fome time ia 
“ Odtober 1793, to fee fome of the fame pieces, 
and indeed, fome of the worft, viewed the 
_performance in a very diiterent light. | 

This illuftrious friend of fcience not only 

“approved of the fpecimens fhewn him, but 
offered ta have a memoir on the fubjeét pre- 
tented to the Royal Society : but different in- 
cidents diffuaded me from: that mode. of pub- 
lication, and induced me to adopt the prefent. 

ees i now. 
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Inow no longer hefitated about the pro- 
pricty of publifhing; for, every thing confi- 
dered, I judged, that though this art could 
~mever be eftablifhed, which is by no means 
my opinion, yet the experiments themfelves, 
upon which I attempted to found it, as they 
are new, and feem to throw fome light on 


the theory of combuftion, are not unworthy - 


the attention of Chymitts. - 


Thofe who viewed my performance with | 


a favourable eye, were. of opinion, that I 
fhould dedicate this Effay to {ome patron of 
‘the arts; or apply for his Majefty’s Royal 
_fetters patent, in order to reimburfe the ex- 
pence’ neceffarily incurred ‘in this invefliga- 
tion, an expence fo difproportionate to the 
fortune which fupported it, that nothing but 
4 certain fatality, and the hope of reward, 
could induce me to_ perfevere. 4 


As to patrons, I have heard of fuch beingsr= ; 


onthe record of fame; but never faw one ; 
on the contrary, it has been my lot to know 
of many,- whofe malignant breath, as far as 
“its deadly influence can extend, never ceafes 
to blaft the untheltered blofloms of fcience.— 
. And as for a patent, had I even the means, I 
| fhould perhaps never attempt it; for if we 
tnay judge of the future by the paft, I can 
| fafely affirm, that fuch an application would 
be vain. . 

Thus circumftanced, | publith this Effay 


an its prefent imperfect ftate, in order to pre- 


vent the furacious attempts of the prowling 


plagiary, 


> 
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plagiary, and the infidious pretender to chy- 
miftry, from arrogating to themfelves, and 
affuming my invention, in plundering filence : 
for there are thofe, who, if they can not by 
chymical, never fail by ftratagem, and me- 
chanical means, to deprive induftry of the 
fruits, and fame, of herlabours. 

But the Britifh empire fhould not forget, 
that fhe owes her power and greatnefs to com- — 
merce; that the is, as it were, the hive of the © 
arts, aud fhould not, by the fulphureous va- — 
pour of oppreflion, and neglect, compel her 
bees to {warm for protection to foreign climes, 
but rather permit them to roam in their na- 
tive foil, and allow them, in the winter of 
life, to fip a little of the honey of their own 
induftry. 

The nation, whofe evil genius withholds 
this protection, only founds the trumpet of 
emigration ; and muft ere long lament her 
cities deferted, her fields brown with defo- 
lation, and herfelf the eafy prey, and vile 

& “drudge of furrounding greatnefs. — 

I firft imagined, that the proper title of this 
performance, fhould be, an Effay on the Art 
of making Cloths of Gold, Silver, and other 
‘Metals, by chymical procefles; but reflect+ 

) ing onthe imperfect flate of the art, and that 
my experiments related not only to the reduc- 
tion, but alfo to the calcination of metals, 
and other combutftible bodies, I determined 
to entitle it, An Effay on Combuftion, with 


“aview toa new Art of Dying and Painting, 
ia which 
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which includes every thing the experiments 
can extend to. , 

As to the ftyle, I have endeavoured to re- 
late the experiments in a’plain and fimple 
manner, aiming more at perf{picuity, than 
elegance:. 4 on . 

I have adopted the French Nomenclature, 
as the terms of it are fo framed, as to prevent 
circumlocution, affift the memory, by point- 

ing out the combination, and ftate of the 
elements exifting in each compound, as far 
as they are known; advantages to be found 
in no other Nomenclature. 

However, the Englith reader mutt regret, 
that the French chymifts have not preferred 
the terms air, and ammonia, to the lefs har- 
monious founds, gas, and ammoniac. 1 took 
the liberty of writing the latter ammonia. 

I have not related my experiments in the 
order, in which they were made, fenfible 
that fuch a natration would be tedious, and 

that a fhort extra& from them would anfwer 
every purpofe at prefent intended. = 
€ experiments related I have endeavour- 
ed to arrange in fuch a manner, as mutually 
to illuftrate each other, by contrafting the 
faccefsful with thofe, that failed, thus point- 
ing out a general principle, which forms a 
chain through the whole, conneéts all the ex- 
periments, fhows their points of coincidence, 
and difagreement, and by this means furnifhes 
us with data, by which, I hope, the art may 
be improved. . 


This 
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This arrangement alfo facilitates the perus 
fal, and relieves the mind of that fatiguing ats 
tention, which muft neceffarily be given to 
an indigefted mafs of infulated experiments, 
that have no clew to conneé& them, but has, 
on the other hand, its difadvantages; for it 
throws a famenefs on the work, incompatible 
with that variety which is often fo agreeable, 

My apparatus confifted chiefly of a few 
glafs veffels for the folution of metals, and 
the,formation of fuch elaftic fluids, as I ufed. 
The cheapeft, and the moft fimple of thofe 
defcribed by Dr. Prieftley anfwered my pur- 
pote. . ian 

Dr. Nooth’s machine for combining car- 
bonic acid with water, is very convenient for 

making {mall experiments with fome kinds of 
gas; as the bafe of that machine ferves to 
contain the materials, from which the gas is 
obtained ; and the middle glafs the cioth pre- 
vioufly dipped in the metallic folution, on. 
which the experiment is to be made. ; 
~The cloth may be fufpended in this part of 
the machine, by means of a thread, and a 
cork. | 

As this machine is ufeful only in experi- 
ments on a very {mall fcale, I fometimes 
ufed tall glafs cylinders, in which I fufpended 
the fubject of the experimerit, by means of a 
thread, a cork, and a bit of cement. 

This cylinder { placed over a veffel contaim- 
‘ing the materials, which produced the ee 
® C 
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It is very convenient to have cylinders of 
‘different fizes, proportioned to the fcale, on 
' which the experiments are to be made. 

- But machinery for confining elaftic fluids 
| is not always neceflary; as moft of the expe- 
riments may be performed in the open air. 

It may appear prefuming to fome, that I 
fhould engage in purfuits of this nature, but 
averfe from indolence, and having much lei- 
fare, my mind led me to this mode of amufe- 
ment, which I found entertaining, and will, 
{ hope, be thought inoffenfive by the liberal, 
and the learned. But cenfure is perhaps in- | 
evitable; for fome are fo ignorant, that they 
grow fullen and filent, and are chilled with 
horror at the fight of any thing, that bears the 
‘femblance of learning, in whatever fhape it 


€ ina {till higher degree; but by virtue of 
an old infpiring tripod, on which ignorance, 
rvility, or chance, has placed them, afflume a 


tfelf by innuendos, nods, whifpers, fneers, 
grins, grimace, fatanic fmiles, and witticifing 


with an_af- 
| 5? 
fegted hauteur, and contempt of the /peétre ; 


thrugs, 
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fhrugs, and a variety of other contortions, — 
attending. | 

Sometimes the goblin, which thus agitates 
them, lurks latent, and nothing is perceived 
but hollow murmurs, portending ftorms: 
fometimes the lurking fiend darts with fidelon g 
fury at the devoted objea, which, if unarm- 

ed, falls a victim to the grifly monfter. ' 

But happily for human kind, the magic 
tripod drags none into its dizzy vortex, but 
thofe who are radically ftupid, and malicious, 
who are the beafts of prey deftined to hunt 
down unprotected genius, to ftain the page 
of biography, or to rot unnoted in the grave 
of oblivion. | " 

Although the furge of deliberate malice be 
unavoidable, its force is often {pent in froth, 
and bubbles; for this little bark of mine has 
weathered out fullmany a ftorm, and ftemmed 
the boifterous tide; and though the cargo be 
not rich, the dangers, which may hereafter 
be pourtrayed on vofive tablet, may ferve as a 
beacon to future mariners. 

But happen what may, I hope I fhall never 
experience fuch defertion of mind, as not to 
hold the helm with becoming fortitude againft 
the ftorm raifed by ignorance, petulant arro- 
gance, and privileged dulnets. | 

However, were I not encouraged by the 
judgement of fome friends, and poffeffed o 
{pecimens, to fhow the progrefs made in the 
art, I fhould never perhaps venture to publi 
this Eflay ; as am fenfible, it labours unde 

man 
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many imperfections, which inaccuracy of ob- 
fervation, and the drapery of imagination, 
muft {pread over the whole, imperfections 
perhaps unavoidable in fuch a difcuffion. 
Finding, the experiments could not be ex- 


plained oe vy theory me, advanced, I 


_was led to form 2 opinion different from that 
of M. Lavoifier, 


and other great names. 
Perfuaded that we are not to be deterred from 


the inveftigation of truth by any authority 


however great, and that every opinion muft 
{tand or fall by its own merits, I venture with 
diffidence to offer mine to the world, willing 
to relinquifh it, as foon as a more rational 
appears. | 
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Tuoucu fome of the phenomena of - 
combuftion were known from the earlie(t 
ages, yet no rational/attempt to explain them 
was made till about the middle of the 17th 
century. re 

Before that period, it was fuppofed by 
alchymifts and phyficians, that fulphur was 
the inflammable principle, on which all the 

phenomena of combuttion depended. 
But Beccher perceiving, that fulphur did 
not exift in feveral combuftible bodies, af- 
ferted it was not the principle of inflamma- 
bility ; which, he maintained, was a diffe-- 
rent fubftance, common to fulphur and other 
combuftible bodies: this principle he fup- 
pofed to be of a dry nature, and called it in- 
flammable Earth. 

Stahl refined this hypothefis by fuppofing 
the inflammable earth of Beccher to be pure 
fire, fixed in combutftible bodies, and confti- 
tuting an effential part of them, 
: B According 
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' According to Stahl, a combuftible body is , 
a compound, containing fixed fire, or phlo- 
gifton; and combuftion 1s the difengagement 
of this phlogifton from a fixed to a free 
ftate, attended fometimes with heat and 
light: when thefe phenomena ceafe,’ the 
body becomes incombuttible; if this calcined 
body be now heated with charcoal, of any, 
other inflammable fubftance, capable of giv- 
ing it phlogifton, or fixed fire, it returns 
again to the clafs of inflammable bodies. 
This hypothefis is fo fimple and plaufible, 
that, fince the year 1736, it was received, 
though differently modified, all over Europe. 
The principal objeétions to it are, that the 
exiftence of phlogiften cannot be demon- 
ftrated; and that it does not explain, why 
bodies become heavier after oxygenation, 
and lighter after reduction. aay 
M. Lavoifier difcovering, that the increafe 
of weight, which bodies acquire during com- 
buftion, is equal to the weight of the com- 
buftible fubftance, and that of the vital air 
employed, denied the exiftence of phlogifton, 
or fixed fire, in combuftible bodies; though 
he grants the exiftence of combined ca/orie 
in them.. He feems then to allow the exif- 
tence of phlogifton, but to have changed its 
name to that of caloric, and denied it the 
power of producing combuition. 
However, after difcovering that the in- 
creafe of weight, which bodies acquire du- 
ring combuftion, depended on the seria 4 
re) 
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of the air abforbed, he was led to the follow-’ 
ing beautiful hypothefis, equally fimple as 
that of Stahl; and if ever any hypothefis 
deferved the name of theory, furely it is that 
of M. Lavoifier. 
According to M. Lavoifier, ‘* an inflam- 
mable body is nothing elfe but a body 
which has the property of decompofing 
vital air, and taking the bafe from caloric 
and light; that is to fay, the oxygene, 
‘< which was united to them; and that a 
** body ceafes to be combuftible when its 
** affinity for the oxygene is fatisfied, or when 
*¢ it is faturated with that principle; but 
** that it becomes again combuftible, when 
** the oxygene has been taken from it by 
** another body, which has a ftronger affi- 
nity with that principle, 
<< When this decompofition of the air is 
“* rapid, and, as it were, inftantaneous, there 
“* is an appearance of flame, heat, and light; 
“* when, on the contrary, the decompofition 
** is very flow, and quietly made, the.heat 
** and light are f{carcely perceptible *.” 
_ Thus all the phenomena of oxygenation, 
which Stahl afcribed to the difengagement of 
phlogifton, M. Lavoifier afcribes to the union 
of oxygen with combutftible bodies. 

And, on the other hand, all the pheno- 
mena of reduction, which Stahl attributed 
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* Effay on Phlogifton, by M. Kirwan, a new edition, 
P+ 21, and 16, 
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to the union of phlogifton to calcined bodies, 
M. Lavoifier attributes to the feparation of 
oxygen from the fame. Combuftion, then, 
according to Stahl, is the tranfition of phlo- 
eifton from one body to another; and, ac- 
cordmg to M. Lavoifier, ’tis nothing but the 
tranfition of oxygen from one fubftance to 
another. : tea | | 
Stahl fuppofed, thatthe heat, and light, 
attending combuftion proceed’: from the 
burning body; but M. Lavoifier fuppofes, 
_ thar the heat, and light, proceed principally, 
and almoft entirely, from the vital air.’ 
-* However, this opinion of M. Lavoifier is 
far from beihg eftablifhed; for DoGtor Craw- 
ford has fhown, that inflammabk air contains 
a much ereater quantity of heat, than vital 
air does. ; ik 
It is evident, then, that the great advan-_ 
tage, which M. Lavoifier’s hypothefis has over 
“that of Stahl is, that .the: former feems to 
account for the increafe and decreafe of. 
weight, which bodies fuffer during calcina- 
tion, and reduction. g | 
Notwithftanding this brilliant difcovery, 
which feems to account, with fuch eafe, 
for the increafe'of weight, that bodies ac- 
quire during combuttion, M.. Macquer 
was of opinion, that. M. Lavoifier’s hypo- 
thefis was infufficient to explode that of 
Stahl, and endeavoured to remove the objec- 
tion urged againit the nonexiftence of phlo- 
gifton, by fuppofing it to be light; and that 
in every cafe of combuftion, light, and vital 
| als 
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air, mutually precipitate each other: fo that, 
according to M. Macquer, when a body is 
oxygenated, vital air unites to it, and difen- 
gages light; and, on the other hand, when 
an. oxygenated fubftance is reduced to its in- 
flammable ftate, light unites to it, and dif- 
engages vitalair, 

M. Scheele alfo modified the hypothefis of 
Stahl, by fuppofing that heat, light, and in- 
flammable air, were compounds of empyreal, 
or .vital air, and phlogifton. . Light, he 


thought, contained more phlogifton than 


heat did; and inflammable air more than 
either: he farther fuppofed, that thefe com- 


pounds of vital air and phlogifton were con- 


vertible into,one another, by the addition, or 
fubtraction, of phlogifton ; and that, when a 


-metal was reduced by.them, they .were de- 


compofed; their phlogifton uniting to the 
fubftance reduced. 

His idea of calcination is, that ‘metals either 
attract empyreal air by means of their phlo- 
gifton, and thus form heat, or that they 
communicate their phlogifton to the air, and 
attract heat irom the fire; and that, either 
way, there is empyreal air in the calces, 
which makes the overplus.of their weight *. 
_ The laft modification of Stahl’s hy pothefis. 
is that of M. Kirwan, who fuppofes that in- 
flammable air exifts in a fixed, or concrete, 


ftate in all combuttible bodies, and is the 


* Experiments on Air and Fire. Eng. tranf, p. 174. 
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true phlogifton of the antient chymifts; and, 
as it can be exhibited in the form of air, its 
exiftence is no longer doubtful. 

M. Kirwan fuppofes, that, when combuf- 
tible bodies are calcined, or changed into 
acids, they combine moft commonly with 
- fixed air, formed during the operation, by 
the union of their phlogifton to vital air 5 


and fometimes to other fubftances, and wa- ~ 


ter, which is either abforbed im fpecie, or 


formed by the union of their phlogifton to » 


vital air, during calcination. : 
He fuppofes, that fome of thefe are reftored 
to their combuftible ftate by the decompofi- 


tion of their fixed air; fome partly by the 


decompofition of their fixed air, and partly 
by its expulfion, and that of the other foreign 


bodies, they had abforbed; and laftly, that - 


fome recover their combuftibility by the ex- 
pulfion of water, and others poflibly by its 
decompoOfition in high degrees of heat. In 


all thefe reductions he fuppofes a fimulta- — 
neous reunion of thefe bodies to phlogifton, ~ 


or the inflammable principle*. 


Though M. Kirwan’s hypothefis feems to: 


- account for the increafe of weight, which 
bodies acquire during combuftion, yet he has 
not proved the exiftence of inflammable air, 
in a concrete ftate, im all combuftible bodies 
nor-has he fhown, that fixed air is a com- 
pound of inflammable, and vital air; neither 


te - 
* Effay on Phlogifton, a new edition, p- 38—166. 
: | has 
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has he proved, that fixed air is the acidifying 
"principle. : a 
All thefe objections Have been made, with 
creat juftice, to his hypothefis, by the anti- 
phlogiftians ;_ who alfo object, that M. Kir- 
wan’s account of calcination, and reduétion, 
is complex, and repugnant to the fimplicity of 
mature 3..%* for," lays. M. De Fourcroy, ‘as 
‘* the-author had admitted three general {pe- 
** cies of calcination, it was neceffary, that 
he fhould, likewife, admit three kinds of 
reduction *.”’ | 
This criticifm is very juft ; but it will ap- 
pear, that the antiphlogiftic account of calci- 
nation, and reduction, is no lefs complex, 
erroneous, and repugnant to the fimplicity 
of nature: for when we confider the various 
fources, whence they derive the oxygen, 
which oxygenates bodies ; and the long lift 
of metallic reducers, which they fuppofe ; 
_ it muft be allowed, that if fimplicity be a re- 
commendation, their hypothefis is deftitute 
of that advantage. 

- Thus, according to M. Lavoifier, the oxy- 
gen, which oxygenates combuttible bodies, 
is fometimes derived from vital air; fome- 
times from atmofpheric air ; fometimes from 
acids; fometimes from water; and fome- 
times from metallic oxids, 8c, 


On the other hand, the catalogue of fib. 


n 
n 


n 
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* Effay on Phlogifton, p. 2077. 
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ftances, which reduce bodies to hee Scntiout® 
tible ftate, is no lefs numerous. 

«« Heat,” fays M. De Fourcroy, ‘* feparates 
oxygene from fome; one metal takes it 


‘ ble gas, takes it ffom.moft metals; and 
carbone perhaps from all *.” 
To this lift, may be added phosehomne, 
fulphur, and compornds of thefe wath hy- 
bia alfo light, and. the electric fluid, 
&c., ., as will appear in the fequel. 

But, I fhall endeavour to fhow, that the 
hydrogen of water is the only fubftance, 
that reftores oxygenated bodies to their com- 
buftible ftate; and that water is the only 
fource of the oxygen, W yhich oxygenates com- 
buftible bodies. 

Want of fimplhicity 1 is not the only defect 
in Mr. Lavoifier’s hypothefis : for he fuppo- 


fes, that the increafe of weight, which bo- 


dies acquire during combuftion, depends on 


the abforption of the oxygenous principle 
alone. 

Thus, when a bit of phofphorus, fulphur, 
or charcoal, is burnt in vital air; the increafe 
of weight, which thefe bodies acquire, he at- 


tributes entirely to. oxygen, or the bafe of 


vital air. 

Thefe combuftions he explains, by fuppo- 
fing, that the phofphorus, fulphur, and char- 
coal, decompofe oxygen gas, Es abforbing 


* Effay on Phlogifton, p. 205. : 
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from another; hydrogene, ot inflamma-— 
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_* Sts bafe from caloric, and light, which are 
fet free. | 
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<¢ There is,’ ‘fays M. Lavoifier, ‘‘ a total 
abforption of vital air, or rather of the 
oxygene, which forms its bafe in the com- 
buftion of phofphorus, and the weight of 


the phofphoric acid obtained, is found to 


be rigoroufly equal to the weight of the 
phofphorus, added to that of the vital air 
employed in its combuftion. ‘The fame 
agreement of weights is obferved in the 
combuftion of inflammable gas and vital’ 
air, in the combuftion of charcoal*,” &c. 
His idea of the calcination of metals is the 


fame. 
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*¢ We do not,” fays M. Lavoifier, ‘* affirm 


that vital air combines with metals to 


form metallic calces, becaufe this manner 


of enunciating would not be fufficiently 
accurate: but we fay, when a metal . 
is heated to a certain temperature, and 
when its particles are feparated from each 
other to a certain diftance by heat, and 
their attra€tion to each other is fufficiently 
diminifhed, it becomes capable of decom=: 
pofing vital air, from which it feizes the 
bafe, namely oxygene, and fets the other 
principle, namely caloric, at liberty. 

‘¢ ‘This explanation of what pafles durin 
the calcination is not an hypothefis, ‘but 
the refult of faGs. Itis upwards of twelve 


* Effay on Phlogifton, p. 14. 
é¢ - 
t* years, - 
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‘+ years, fince the proofs have been laid-by * 


one of us, before the eyes of the academy, 
and have been verified by a. numerous 
“‘ commiffion. It was then eftablithed, that 
«¢ when the calcination of metals is effected 
¢¢ beneath an inverted glafs veflel, or in 
‘© clofed veffels containing known quantities 
‘© of air, the air itfelf is decompofed, and 
« the weight of the metal becomes augment- 
«< ed by a quantity accurately equal to that 
<¢ of the air abforbed. It has fince been found, 
“«¢ that when the operation was performed in 
‘“‘ very pure vital air, the whole might be 
<¢.ablorbeds:” 

«© No fuppofition enters into thefe expla- 
<¢ nations; the whole is proved by weight 
«© and meafure*.” 

Hence it is evident, that M. Lavoifier con- 
founds oxygen with oxygen gas; and confi- 
ders the latter as a compound of oxygen, 
light, and caloric. a Cae 
- But fince the dryeft oxygen gas contains a — 
large proportion of water, as Dr. Prieftley 
and M. Kirwan have fhown +; and fince the 
whole of the gas, except the caloric, and 
light, is abforbed, it neceflarily follows, that 
the increafe of weight, which bodies acquire 
during combuftion, depends not only on the 

oxygen, but alfo on the water, contained in, 
“vital air. | 


66 


é¢ 


# Effay on Phlogifton, p. 13-15. 
+ Ibid. p. 2g, and Philo. Tranf. Vol: 78. p. 314- 
: Therefore 
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Therefore oxids are compounds of com- 
buftible bodies united to oxygen, and water. 
Another great objeGion to M. Lavoifier’s 
hypothefis, is, that he fuppofes both oxyge- 
nation, and reduction, effected by a fingle 
affinity. / 
Thus, according to him, when iron reduces 
a fulphate of copper, the iron does nothing 
more, than feparate the oxygen from the cop- 
per, by its fuperior attraction for that prin- 
ciple. 3 . . 
“From this view of combuftion, grounded 
on the moft accurate experiments in chymif- 
try, it is manifeft, that the antiphlogiftic 
hypothefis does not account fully for the in- 
creafe of weight, which bodies acquire du- 
ting combuftion ; and confequently, that it 
cannot be admitted as a juft theory. 
‘ - 
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CHAPTER I. ° 


-- REDUCTION or METALS 
| BY . ’ 


- HYDROGEN GAS. 


-& 


As Hydrogen, or the bafe of inflammable 
air, feems to act an important part in the 
following experiments, and is, according to 
fome chymifts, pure phlogifton itfelf; Ihave 
therefore affigned the firft chapter in. this 
effay to hydrogen gas, this being the moft 
fimple form, in which hydrogen has hitherto 

* been obtained. 
* But I had not the means of procuring this 
gas free of carbone, and-other impurities, 
~ that it diffolves and elevates during its, for- 
mation ; or of excluding atmofpheric air, 
“which circumftances, I am fenfible, muft, 
in fome meafure, influence the refult; as it 
cannot be fuppofed, that thefe extraneous 
bodies would remain inaétive during the pro- 
_cefs of reduction. However, ‘as fuch exacts 
ne{s 
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nefs is not in the power of every experimen- 
ter, I was under a neceflity of ufing hydro- 
gen gas, with the difadvantages here men- 
tioned. 7 3 

Though moft of the experiments in this 
eflay were made on a variety of white and 
coloured filks, | fhall relate only thofe made 
on the former, as it exhibits the changes 
produced more diftin@ly, and contains lefs 
‘foreign matter to modify the refult of expe- 
riment ; and, for brevity’s fake, I fhall ufe 
the term fi/k, by which white filk is always _ 
defigned. . 


Exe. f... Goup. 


I poured a quantity of fulphuric ether on a 
folution of gold in nitro-muriatic acid, and, 
by this means, obtained a folution of gold in 
ether, which I feparated from the acid. — 

In this ethereal folution of gold, I dipped 
a piece of filk, after it was taken out, and 
the ether evaporated, it was fufpended in a 
tall glafs cylinder, placed over a veffel, con- _ 
taining a mixture of diluted fulphuric acid, — 
and iron filings. | 

The filk thus expofed to a rapid current 
of hydrogen gas acquired, after fome time, 
a purple colour, and a large {pangle of gold, . 
of an irregular figure, appeared on the upper — 
end of the filk, and looked very brilliant. 

The filk was kept expofed to the gas about 


. four months, and frequently obferved, but no 
. , other - 
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otherremarkable change was perceived, except 
that the purple colour became more intenfe: 
the experiment was now difcontinued ; and 
on taking out the filk, and examining it in 
the light of the fun, particles of reduced gold 
were obferved; but they were very fmall, 
and by no means fo brilliant, as that, which 


-firft appeared. . 


¢ . 


During the experiment, frefh quantities of 
materials for fupplying hydrogen gas were 
occafionally added. 

From the brilliant fpangle of reduced gold 
obferved in this experiment, I concluded, 
that there was a fufficient quantity of the’ 
metal in the fibres of the filk, could it be 
reduced. i ie, 3 : 

This {pot of reduced gold was very per- 
manent, and adhered firmly to the filk. 


Exp. 2. Goto. 


In order to determine, whether a folution 
of gold in ether, or one in water, were beft 
adapted to the object of thefe experiments ; 


. L evaporated to drynefs a folution of gold in 


nitro-mufiatic acid, and diffolved the falt in 
diftilled water: in this folution, I immerfed 
a piece of filk, which, after it was dried in 
the air, was fufpended in a elafs cylinder, 
like the former piece, and expofed to the 
action of hydrogen gas about two months. 
The filk after fome time aflumed a purple 
colour, and five or fix {pecks of reduced gold; 
i | - of 


a. 

16 ; Redu€tions by « As 

of the fize of pin heads, and one much larger, 

were obferved. Examining the filk in the 

fun-beams, I perceived the whole of it {pan- ~ 

gled with minute particles of reduced gold. 
After many experiments with thefe two 

folutions of gold, I was led to conclude, that 

the folution 1 in water anfwered. beft. 


ee 3) DILVE me 


Having diffolved fome pure filver in dilut- 
ed nitric acid, and evaporated fome of the 
water by a gentle heat, I placed it in the 
dark: to cryftallize. phi cryftals were fe- 
parated from the folution, and diffolved in 
diftilled water; to one meafure of this folu- 
tion, which was faturated with the nitrate of 
filver, ten or twelve meafures of diftilled 
water were added. ; 

In this diluted folution, a piece of filk was 
dipped; after it was taken out, it was dried 
at the fire: the filk dried in this manner, 
retained its white colour ; 3 whereas, were it » 
dried gradually in the air; and efpecially, 

_ were the light confiderable, its y white colour 
would be changed to a reddifh brown, more ~ 
or lefs intenfe, according to the quantity Of 
light prefent. 

“Some kinds of filk, on being immerfed in 
a folution of nitrate ‘af filver, “have fome of 
their threads immediately coloured, brown : 
but I often got white filk, which would re- 
tain 
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a folution of nitrate of filver, have fome of 
their threads immediately coloured brown ; 
but I often got white filk, which would re- 
tain its pure white colour, if dried at the 
fire, or in the dark. 

The piece of filk dried, as above, was fuf- 
pended in the middle glafs of Dr. Nooth’s 
machine; and into the lower glafs were in- 
troduced a diluted folution of fulphuric acid, 
and fome {mall iron nails. | 

The machine was now placed in a dark 
clofet, to exclude the action of light ; after 
fome time, the filk, thus expofed to hydro- 
gen gas, put on a light brown colour, which 
gradually became deeper, until it was chang- 
ed to a difagreeable black, with fome mixture 
of brown: then very {mall particles of re- 
duced filver began to appear, which increafed 
by degrees, in number, and brightnefs. 

The experiment was continued four 
months; after which time, the filk ‘was 
taken out of the machine : it had a gray me- 
tallic appearance, intermixed with a confide- 
rable tinge of brown. 

_This experiment was repeated on another 
lece of filk, every circumftance: being the 
me, except that a quantity of water was 
put in the middle glafs of the machine, over 
which the filk was fufpended ; the intention 
of interpofing the water in this experiment 

was to purify the gas, | 
_ The appearances were much the fame, as 
in the laft experiment ; except that the filk 
Cc became 
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became black fooner; and that fome fpangles 
of the filver were larger, and better reduced. 
| The fpecks of reduced filver were per- 
manent, and adhered firmly to the filk. ~ 


Exp. 4... Leap. 

In a folution of acetite of lead in diftilled 
water I dipped a piece of filk, and dried it 
in the air; it was then {ufpended over a quan- 
tity of water in Dr. Nooth’s machine, and 
expofed to hydrogen gas about three months. 

The appearances were much the fame as 
in the laft experiment, except that the filk 
was not fo black: the particles of reduced 
lead refembled filver. ; 

Similar experiments were made in this ma- 
chine on bits of filk imbued with a folution 
of nitro-muriate of gold in water; but the 
appearances being. much the fame as thofe 
mentioned in the firft and fecond experiments, 
‘it is unneceflary to repeat them here. 

It is much eafier to imagine, than exprefs 
my anxiety, to difcover the caule of the bril- 
lant fpecks of reduced gold and filver, with 
which the pieces of {ilk in thefe experiments 
were fometimes {pangled; concluding, that 
were the caufe afcertained, it would be a ec 
fiderable ftep towards accomplifhing the ob- 
ject in view. 

But many and diverfified were the expe- 
riments I made before the circumftance, on 
which thefe {pangles depended, was' per- 
ceived. 


At 
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 Atlength, T found it depended on the pre- 
fence of moifture ; and that the {pangles of 
reduced metal were owing to {mall drops of 
water carried up by the elaftic fluid, and de- — 
pofited on the filk. | : 
The experiments, which led to this con- 
clufion, fhall be related in their proper places. 
1 fhall now proceed to, recite the remainder 
of the experiments in this effay, conformable 
to the plan laid down in the preface, pre- 
mifing an occurrence obferved in the courfe 
of them. ie | 
I fometimes found, that the production of 
_ hydrogen gas from a mixture of acid, water, 
and iron nails, would unexpectedly flop, 
which induced me toadd more acid; this not 
fucceeding, I added more water; but ftill no 
gas was formed : the proportions of acid’ and 
‘water were varied without effect. “Thinking 
the mixture of acid and water unfit for the 
purpofe, I poured it off, and repeatedly 
wafhed and agitated the nails with more wa- 
ter, which was alfo poured off; but hap- 
pening inadvertently to add fome of the mix- 
ture of acid and water, which I had before. 
‘poured off as unfit for ufe, I was furprifed 
“to find the gas produced with great rapidity. 
Refle&ting on the caufe of this odd cir- 
cumftance, I concluded that it depended on 
a cruft of fuperoxygenated iron, formed on 
the furface of the nails, which defended 
them from ‘the ation of the water and acid, 
and that this cruft was removed by the agi- 
| C 2 tation 
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tation and wafhing, which enabled the diluted 
acid to a@ again on the iron. 


Z 


Exp."§.° GOLw. 


Iimmerfed a bit of filk in a folution of 
nitro-muriate of gold in diftilled water, and 
dried it in the air ; it was then placed over a 
cylindrical glafs veffel, containing a mixture 
of diluted fulphuric acid and iron nails, fot 
about half an hour; but no reduction of the 
metal could be obferved. . . 

I dipped another bit of filk in the fame 
folution of gold, and expofed it, while wet, 
to the fame current of hydrogen gas, and 
inftantly figns of reduction appeared; for. the 
yellow colour, which the folution imparts to 
filk, began to change to a green, and very 
foon a film of reduced gold glittered on the 
furface oppofed to the gas: fhortly after, a 
beautiful blue fpot, fringed with orange and 
purple, was formed on the middle .of. the 
filk. During the experiment, which lafted 
about half an hour, the filk was kept con- 
ftantly wet with diftiled water. 

When experiments are made with this pre- 
paration of gold, it is neceflary to evaporate 
the folution to drynefs, before the falt be dif- 
folved in the water; as an excefs of acid pre- 
vents the reduction in a great meafure. So- 
lutions of gold in thefe experiments do not 
admit of being fo largely diluted, as folutions 
of filver, and other metals do. é 
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Exp. 6. SILver. 


I immerfed a piece of filk in a folution of 
nitrate of filver, and dried it in a dark place ; 
it was then expofed to a current of hydrogen 
gas about twenty minutes ; but no reduced fil- 
ver appeared, the only change obfervable was: 
a brown ftain. © mich | 

- 1 immerfed another bit of the fame filk in 
the fame folution of filver, and having .ex- 
pofed it, while wet, toa ftream of hydrogen. | 
gas, I foon obferved evident’ figns of reduc- 
tion; the white colour of the filk was: 
changed to a brown, which became gra- 
dually more intenfe; and the furface of the 
filk, oppofed to the gas, was coated with 
reduced filver: various colours, as blue, 
purple, red, orange, and yellow, attended 
the reduction. ‘Thefe colours often change, 
and are fucceeded by others in the progrefs 
of the reduction. ‘The threads of the filk 
look like filver wire, tarnifhed in fome parts, 
but of great luftre in others. | 

The filk was kept wet with diftilled water 
during the experiment. When the filk hap- 
pened to be too much wetted, the under fur- 

face oppofed to the gas was often covered 
- with feales of a dull blue colour: thefe, after 
the filk dries, may be brufhed off, and an- 
other coat of reduced filver, which adheres 
firmly, but has no confiderable brightnefs, 
1s left behind. 


© 3 ~ ‘Thefe 
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Thefe experiments on the reduction of 
gold, and filver, were often repeated with 
nearly the fame refult. 7 


EXP, 7, QIUMER. os) 

- Thinking fome other preparation of filver. 
might anfwer better than a_nitrate, ] preci- 
pitated fome of the latter with.ai {olution of 
muriate of foda, and poured the whole on a 
filter; the precipitate was well wathed with: © 
diftilled water, and difiolved in’ ammoniay 
In this folution I immerfed a picce of fill, 
and dried it in the airs’ and having cxpofed) 
it to the aétion of hydrogen gas, | could per- 
ceive no figns of reduction, except a faint, 
brown colour. re St 

I dipped another bit of fill in the fame 
folution of filver, and in order to determine 
if water had the power of promoting the: 
reduction of the filver in this preparation, as 
it had in the former experiments, 1 expoied 
the filk, while wet, to the fame current of 
hydrogen gas; and ina few feconds the me- 
tallic luftre was evident on the furface op- 
pofed to the current. After fome little time, 
-a blue fpeck and a faint trace of yellow ap- 
peared, but foon vanithed. ' 

' This preparation of filver does not ftain 
white filk fo much as a nitrate does; _the re- 
duced filver was indeed very brilliant, but 
foon grew dull, and difappeared 5 a brown 


ftain only remaining ; fo that it feems rather 
inferior 
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inferior to nitrate of filver, which alfo, after 
reduction, tarnifhes, grows dull, and often 
difappears ; but fometimes part of it remains 
permanently reduced, 


Exp. 8. .PLaTINa. 


With much difficulty I procured a fmall 
quantity of the ore of platina, and diffolved 
it in nitro-muriatic acid. ‘The folution was 
evaporated to drynefs, and the falt was then 
diffolved in diftilled water. aftiake 

_A bit of filk was dipped in part of this 
folution, and dried in the air; it was then 
. expofed to a brifk current of hydrogen gas 
about twenty minutes, but no figns of re- 
dution appeared. | 
_ Another bit of filk was immerfed in the 
folution of platina, and expofed, while wet, 
to the fame current of hydrogen gas ; in five 
or fix minutes the platina was reduced, ex- 
hibiting a livid white metallic appearance on 
the furface of the filk oppofed to the current. 
, No colours attended the redu@tion. This fo- 
Sake imparts a yellowifh brown colour to 
filk. 

After fome time, the whole of the metal- 

“lic luftre difappeared, in proportion as the 
filk became dry. | 3 
_ The folution of platina requires more 
time, and a ftronger current of hydrogen 
gas for its redwétion, than folutions of filver 
and gold do, a | 
. C4 Exp. 
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io ERP.0.y MERCURY. 

Iimmerfed a bit of filk in a folution of 
oxygenated muriate of mercury in diftilled 
Water, and dried it in the air: it was then 
expofed to a ftream of hydrogen gas; but 
underwent no vifible change. 

I dipped another bit of filk in ‘the: dame 
folution of mercury, and expofed it, while 
wet, to the fame current of gas; the metal 
was dina reduced in a beautiful mans and 
refembled filver. 

The reduction began fuddenly, with fcarce 
any appearance of previous ftain; fome very, 
faint, but at the fame time tranfparent co- 
Tours attended it: the moft remarkable of 
thefe were a light orange, with a fringe of 
blue, anda yellow verging on a, faint green 
Thefe colours {oon difappeared. 

After the filk was turned, I obferved, that 
its texture was, in fome parts, concealed by 
a thin film, which, as the reduétion pro- 
ceeded, was perceived to. dart along the 
aameentt of the filky gilding them in a beaue 
tiful manner, and exhibiting the texture very 
diftingly. . ‘ 

After fome time, the mercury feemed to 
difappear, fo as to render it doubtful whether 
any of it remained in the filk ; but fhaking 
it in the funbeams, I perceived bright atoms 
fly off; and rubbing the filk on a.bit of blue 
paper, I obferved fhining metallic, a 

whi 


Hydrogen Gas. | 25 


which feemed to have loft their affinity of 
aggregation, for they did not unite. 
One remarkable difference between this 
preparation of mercury and nitrate of filver, 
is, that no black or brown ftain preceded, 
attended, or followed, the reduCtion of the’ 
merely. 9). te | ae . 
Mr. Scheele reduced a pruffiate of mercury, 
diflolved in water, by adding iron filings and 
a fmall quantity of fulphuric acid to the 
folution *. SLD srt to 


Exp. 10. Copper. 


_A piece of filk was immerfed in a folution 
of fulphate of copper, ‘then taken out, and 
dried, and expofed for a confiderable time to 
a brifk current of hydrogen gas; but no 
figns of reduétion could be perceived. 

Another bit of filk was dipped in the fame 
folution of copper, and expoied, while wet, 
to the fame rapid current of hydrogen gas 5 
the appearances were the following. 

_ After a minute, or two, the filk affumed 
# faint brown colour, and, on the furface op- 
pofed to the gas, a white metallic pellicle ap- 
peared, which vanithed in proportion as the 
filk became dry: wetting the filk again, I 
perceived a fimilar pellicle appear, which 
alfo vanifhed, as foon as the filk dried. If 
the filk be kept conftantly wet, the brown 


—* Scheele, p: 162, French tranflation. 


colour’ 
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colour becomes much more intenfe, attended 
with a very flight tinge of red. The mars 
gins of the filk projecting beyond the verge 
of the glafs cylinder, and theretore not ex 
pofed to the current of the gas, retained the 
blue colour, which the folution imparts. 

In fome of thefe white metallic pellicles 
there appeared a faint brown inclining to yel- 
low, which reflected the light, though ob- 
fottrely. iso. 2 18.3 

After the filk dried, nothing remained, but 
a brown ftain. 
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A piece of filk was immerfed in a folution 
of acetite of lead in: diftilled water; it was” 
then dried, and expofed for fome time to a 
ftream of hydrogen gas ; but underwent no 
perceptible change. =f ev 

Another bit of filk was dipped in the fame 
folution of lead, and expofed, while wet, to 
the fame current of hydrogen gas; in afe- 
cond, or two, the furface of the filk, op- 
pofed to the current, was coated with re= 
duced lead, which looked like filver. 

The reduction was accompanied with a 
brown ftain, but by no means fo intenfe as 
that, which.attends the redu€tion of nitrate 
of filver. ai 

The other fide of the filk was oppofed to 
the current of hydrogen gas, and foom ac- 
quired a metallic coat of the fame brilliant 

appearance $ 


4 
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appeafance, exhibiting the texture of the 
filk, in a very ftriking manner. bia 

Itis remarkable, that lead exhibits no co- 
Jour, but a light brown, during its reduction ; 
whereas gold, filver, and mercury, difplay 
a great variety of colours, efpecially the two 
former. spehig:, ahuno Yes 
. After fome time the lead reduced in this 
manner lofes its metallic. fplendour con-_ 


'fiderably ;| and that in. proportion as the filk 


driéss).-; 
Exp. 12. :TIn. 


I diffolved fome cryftals of muriate of tin 
in diftilled water; dipped a bit of filk in 
the folution ; and dried it in the air: it was 
then expofed to a ftream of hydrogen gas a 
confiderable time ; but no change, or appear- 
ance of reduction, could be obferved. 

Another bit of filk was immerfed in the 
fame folution of tin,'and expofed, while wet, 
to the fame current of gas; after fome little 
time, the reduétion commenced, attended 
with a great variety of beautiful colours ; as 
red, yellow, orange, green, and blue, va- 


_rioufly intermixed. 


The reduced tin difappears along with thefe 
colours, as the filk dries ; nothing remaining 
but a feuille-morte colour. , 

The fame folution of tin was alfo reduced 
by hydrogen gas, obtained from tin, and the 


- mufiatic acid. 


Thefe 
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Thefe experiments do not fucceed well 
with muriate of tin containing an excefs of 
acid, 


Exp: 19. EARSEN WO, 

A muriate of -arfenic, which was prepared 

by digefting white oxid of arfenic in’ mu- 

»riatic acid, and continuing the heat, till moft 
of ‘the neil evaporated, sand left behind a foft 
mafs of the confiftence of tar, was diflolved 
in diftilled water. 

In this folution a bit of filk was immerfed, 
and dried in the air: it was expofed toa brik 
ftream of hydrogen gas, obtained from zinc, 
and muriatic acid; rie no reduétion took 
place. riety 

“Another bit of filk was uneeaa in the fame 
folution, and expofed, while wet, to the 
fame current of hydrogen gas; and inftantly, 
the furface of the filk, oppofed to the gas, 
was covered with a bright coat of suited 
arfenic, accompanied with a yellow ftain. 
In a fhort time thé metallic luftre vanithed ; 
and nothing remained but the yellow ftain. © 

M. Pillerier reftored the acid of arfenic to 
its metallic ftate, by pafling hygrogen gas 
through a folution of that acid, in twice its 
weight of water *, 


* Roz. Journ. Feb. 1782. 
Exp. 
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Exp. 14. BisMuUTH. 


A bit of filk, which was immerfed in a. 
folution of nitrate of bifmuth in diftilled 
water, and expofed dry to hydrogen gas, ob« 
tained from zinc, and muriatic acid, under- 
went no vifible change. re . 

Another bit of filk was dipped in the fame ~ 
folution of bifmuth, and placed over a lan- 
guid ftream of hydrogen gas; the bifmuth 
was {oon reftored to its metallic form, onthe 
furface of the filk oppofed to the elaftic fluid. 
The reduction was attended with a reddith 
brown ftain, intermixed with a tinge of 
Violet, | 


Exp. 15. ANTIMONY. 


A bit of filk was immerfed in a folution of 
tartarite of antimony in diftilled water; and 
dried in the air. It was then expofed to hy- 
drogen gas, obtained from zinc, and muria- 
hic acid; but fuffered no vifible alteration, 

Another bit of filk, which was dipped in 
the fame folution of antimony, was expofed 
wet toa weak {ftream of the gas 5 and, in a. 
fhort time, the metallic luftre appeared, ac- 
sompanied by a light yellow colour. 


Exp. 16. Tee 


Acbit of filk, which was immerfed in a 
dargely diluted folution of fulphate of iron, 
and dried in the air, was expofed to a {trong 

current, 
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current of hydrogen gas, obtained from iron 
nails, and diluted fulphurie acid; but no vi- 
fible change was produced on the filk. 

Another bit of filk was dipped in the fame 
folution of iron, and placed wet over the 
fame ftream of hydrogen gas; but no redu~ 
ced iron could be perceived, The filk was 

~ then immerfed in a glafs of clear water, and 
transferred a very minute metallic film to 
the firface of that fluid, fi 

This experiment was repeated witha ra 
pid current of hydrogen gas, obtained from 
zinc, and muriatic acid; and, in abouta mi- 
nute, {mall films of reduced iron were vi- 
fible on the furface of the filk, oppofed to © 
the gas. 

The filk was then immerged in water, 
and transferred to its furface a large metallic 
pellicle; parts of which were very brilliant ; 
but other parts were dull, and much more 
imperfectly reduced. ie 


, 


Expres tg. a ean 4 
A bit of filk, which was dipped in a mu- 
riate of zinc, largely diluted with water, and 
dried in the air, was expofed to a rapid cur- — 
rent of hydrogen gas, obtained from zinc, 
and muriatic acid; but fuffered no vifible . 
alteration.i 4a 
_ Asother piece of filk was immerfed in the 
fame folution of zinc, and expofed, while 
wet, 
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wet, to the fame rapid current of hydrogen 

gas: in about half a minute, the metal was 

reduced ina very evident manner, on part 
of the filk. The filk was then dipped in 

a glafs of clear water, and transferred a bright 

metallic film to its furface. . “ : 

‘As thefe reduétions of iron, and zinc, by 
hydrogen, are contrary to M. Lavoifier’s 
table of the affinities of the oxygenous prin~ 
ciple; 1 began to fufpeét, that the films, 
which were fo evident, both on the filk, and 
the water, might be abraded, or torn from 
the zinc, by the muriatic acid; and elevated, 
and depofited on the filk by the gas. . 

In order to remove this doubt, I dipped a 
bit of the fame filk in diftilled Water; and 
expofed it, while wet, to the fame current of 
hydrogen gas, but nothin g metallic could be 
feen on the filk: nor did it when immerfed 
in water transfer a film, or the {mallef ap- 
pearance of a metal, to the furface of that 
fluid: and, therefore, there can be no doubt 
of the reality of thefe reduions, 

“Dr. Prieftley reftored iron, and lead, to 
their metallic ftate, by heating théir oxids 
with a burning glafs in hydrogen gas. | 

Thefé experiments point out an error in 
M. Bergman’s table of elective attractions in 
the humid way; for he afiigned the laft place 
in that table to phlogifton, which he conf- 
dered as the bafe of inflammable air; becaufe 
1€ Was unacquainted with any metallic re- 


dutions 
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dutions effected by hydrogen in the humid 


way”. . 

Having found, that water promoted, and 
accelerated, thefe reductions in a very re- 
markable manner; I was curious to know, 
if alcohol, and ether, would. produce the 
fame effect. With this view, | evaporated a 
folution of gold in nitro-muriatic acid to 
drynefs; when the veffel cooled, fome al- 
cohol was poured on to diffolve the falt ; 
and immediately the veffel: containing the 
falt, became fo hot, that it could be fearcely 
endured by the hand ; and diffu‘eda fragrant 
{mell, like that of ether, which, no doubt, 
was a fpecies of that fluid. : 


Exe. 18. GOLpD. 


In this folution of gold in alcohol, a bit of 
filk was dipped, and expofed to a {tream of 
hydrogen gas, obtained from diluted fulphu- 
ric acid, and iron nails; and kept wet with 
alcohol: in about two minutes, the filk be- 
gan to affume a brown colour, and white 
metallic films appeared on fome parts of the 
furface oppofed to the gas; fome of thefe 
difappeared in a fhort time ; and were fuc- 
ceeded by a few very {mall {pangles of the 
proper colour of gold. Thefe alfo foon va- 
nifhed ; and nothing remained but a difgree- 


* ElectiveAttractions, Englifh Tranflation, p. 87. 
able 
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ble brown ftain, intermixed with fj pecks of 
a dull blue. j “4 

I fometimes found, on repeating this ex- 
periment, that no yellow films or {pangles 
appeared ; and am perfuaded, that their ap- 
pearance, and that of the white pellicles alfo, 
depends on the prefence of water, contained 
in the alcohol; or the gas, and depofited on 
the filk: . 

Exp. 19. Goxp. | 

A bit of filk was immerfed in a folution of 
gold in ether, and expofed to a ftream of hy- 
drogen gas, and kept wet with ether. ‘The 
filk underwent no alteration for a few mi- 
nutes ;_at length, it began to affume a faint 
brown colour, but no white, or yellow films 
appeared. . irk 
_ If this experiment be continued till the 
filks collects a fufficient quantity of water 
from the gas, fome films will appear. 

” Exp. 20. SILVER. 

I procured fome nitrate of filver, which 
had been fufed in order to expell as much of 
its water as poflible ; and diffolved it in al- 
cohol. J immerfed a bit of filk in this folu- 
tion, and expofed it to a ftream of hydrogen 
gas, and kept it wet with alcohol: in a few 
feconds, the filk affumed a brown colour, 
which gradually became more intenfe : but 
ho reduced filver appeared for feyeral mi- 

D nutes 3 
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nutes; at length, a few metallic films ap- 
peared on part of the furface oppofed to the 
gas. | } 
Exp.a1. (MERCURY. 


A bit of filk was dipped in a folution of 
oxygenated muriate of mercury, and dried; 
it was then expofed to hydrogen gas about 
ten or fifteen minutes, and kept conftantly - 
wet with alcohol. The filk, during the firft 
minutes, fuftered no perceptible alteration < 
at length, a few {mall films were vifible on 
the fide of the filk oppofed to the current. 


Exp. 22. Leap. 


A bit of filk, which was immerfed in a fo- 
lution of acetite of lead, and dried, was ex- 
pofed about fifteen mmutes to a ftream of the 
gas; and kept conftantly wet with alcohol ; 
but fuffered no vifible change; except that 
a very minute film was reduced on one of its 
margins, which did not project beyond the 
verge of the glafs veflel on which it was 
placed. ' 

When we compare thefe experiments with 
thofe, in which water was uted, to wet the 
filk, ’tis evident, that alcohol, and ether, 
do not promote the reduction of metals, as 
water-does; and that the few films, which 
appear, when the filk is kept wet with ether 
or alcohol, depend entirely on water collect- 
ed from the gas, ,or depofited by them on 
the filk during their evaporation. : 

: n 
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“In order to compare the effects of hydro- 
ben gas, obtained from water, iron nails, 
and muriatic acid, with that, procured from 
the fame materials, by means of the fulphu- 
ric; I made fome experiments on gold, fil- — 
ver, mercury, and lead, in the fame manner, 
as the preceding; and the principal difference 
was, that the colours produced in all the 
pieces ef filk, except that, which was dipped 
in acetite of lead, were much brighter, and 
more beautiful, than any producéd, when 
the fulphuric acid was ufed. | 

‘The reduétion of the lead was accompanied 
with its ufual brown colour. 

On the upper furface of a bit of filk, which 
was dipped in a folution of gold, a green 
colour inftantly appeared ; and foon changed 
to adcep olive, in proportion as the reduétion 
advanced: now examining the under furface, 
I faw it coated with a bright film of reduced 
gold, in the middle of which a blue {pangle, 
mixed with purple, foon began to appear: I 
then moiftened the upper furface of the filk 
with water; and in a few feconds} it alfo 
was coated with reduced ‘gold, 

The blue on the other fide of the filk be- 
came much more intenfe: the piece was 
now turned ; and on each colour [ let fall a 
drop of water: the drop on the blue had a 
blue film, the drop on the purple, had a 
purple film, and the drop on the yellow, a 
film of reduced gold. 

After fome time, thefe drops of water éva- 

D2 porated, 
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porated, and the films came-again in contact 
with the filk: fome parts of which were 
left bare, as generally happens, when too 
much water is applied. 

On- the under furface of a bit of filk, 
which was immerfed in a folution of nitrate ~ 
of filver in water, a coat of reduced metal 
was formed, with various colours, as green, 
blue, orange, and yellow, the beauty and 
brightnefs of which were remarkable. 

In fome time a muriate of filver is formed 
in the fibres of the filk, which on expofure 
to light becomes of a bluifh black colour: ~ 
but the whole of the filver does not undergo 
this change; for, part of it remains in its 
metallic ftate. The colours remain a confi- — 
derable time, if the filk be removed frorn the 
gas before this muriate is formed. 

Hence it appears, that hydrogen gas fhould — 
not be prepared with an acid, which forms ~ 
an infoluble compound with the metal to be | 
reduced. wets 

I alfo found, that hydrogen gas. produces. 
different effe€ts not only according to the © 
difference of the acid, but alfo according to © 
the difference of the metal employed to ob- ; 
tain it: for this gas procured from zinc or — 
tin, aud muriatic eed: did not reftore gold ‘ 
to its proper metallic luftre ; ; but formed on : 
the filk, a white metalline coat like filver. 

The experiments related in ‘this chapter 
indicate the following conclufions. 

1. Hydrogen is capable of reducing the 

metals 
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metals in the ordinary temperature of the 
atmofphere. 
~ 2. Water promotes, and accelerates, thefe 
reductions, in a very remarkable manner. 
3. Ether, and alcohol, do not promote 
thefe reductions, without the aid of water. 
4. A variety of colours accompaiiies thefe 
reductions, fimilar to what appears, during 
the calcination of metals by heat and air; 
and depends on the fame caufe: viz. the 
quantity of oxygen combined with the metal. 
Thefe colours have not been obferved hi- 
therto ; nor indeed could they; as the me- 
tals were reduced in clofe veffels, and in hich 
degrees of heat. e 
5. Uhefe redu@tions often difappear, 
' This is commonly owing to an imperfeé, 
and partial reduction of the metal: for the 
acid, and water, remaining in that part of 
the metallic folution, not reduced, recalcines 
thefe delicate’ films: fometimes the difap- - 
pearance of the metallic luftre depends on 
the nature of the metal itfelf: thus arfenic, 
lead, filver, &c., fuffer fome degree of cal- 
cination by water and atmofpheric air. 

~Mefits. Bergman and Keir relate inftances, 
in which filver after being precipitated in 
its metallic ftate, was recalcined, and dif- 
appeared. 

| firtt imagined, that water promoted thefe : 
reductions by minutely dividing the particles 
of the metallic falt, and by condenfing the 
§4s, and bringing its hydrogen, and the me- 

3 tallic 
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tallic oxid, within the fphere of attraction ; 
the hydrogen either uniting to the metallic 
earth and reducing it, as the Phlogiftians 
fuppofe ; or uniting with, and feparating the 
oxygen of the metal, and thus reftoring it to 
the metallic form, as the Antiphlogiftians 
maintain. : 

But it is evident from the experiments re- 
lated, that water does not promote thefe re- 
du@tions folely, by minutely dividing the 
particles of the metallic falt: for were this 


the cafe; ether, and alcohol, fhould promote : 


the reduétion of the metallic falts, which 


they diffolve, fince they divide their particles, — 


as minutely as water can. 

Since then metallic folutions in ether, and 
alcohol, cannot be reduced by hydrogen gas; 
it follows that the above fuppofition concern- 
ing the mode of agency of water does not ac- 


count for rhe reduétion of metals in this way. — 
And indeed were it true that hydrogen con= — 
denfed by water reduced metals in the man- — 


ner aboye mentioned, it would follow, that 
the reduéction was effected by a fingle affinity, 
which cannot be admitted; 1ft. becaufe the 
exiftence of a fingle affinity in fuch cafes has 
not been proved ; 2dly, becaufe a double af- 
finity always takes place in preference to a 
fingle affinity, which is demonftrated by the 
following faéts, tranfcribed from the works 
of Mr. Kirwan, ; 
“© If a folution of filver in the nitrous acid 
‘¢ be thrown into a mixed folution of fixed 
ee ae «© alkali 


a ee 
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¢¢ alkali and common falt, the filver will be 
‘* precipitated by the marine acid of the 
<¢ common falt, and not by the free alkali, 
‘¢ contained in the liquor: for a luna cornea 
¢* is found *.” Ba 

‘¢ J repeated the experiment with a folu- 
“‘ tion of lead, and alfo ef mercury in the 
«¢ nitrous acid, and the refult. was fimilar ; 
«* horn lead and marine falt of mercury were 
 & formed +.” 

In thefe experiments of Mefirs. Monnet 
and Kirwan, "tus evident that a double affinity 
takes place in preference toa fingle one: for 
the nitrous acid of thefe different nitrates 
unites with the alkali of the common falt, 
while the muriatic acid of the latter feizes. 
the filver, mercury, and lead, of the nitrates, 
and forms muriates of filver, mercury, and 
lead: the free alkali remaining paffive in the 
mixture. . 

M. Lavoifier fays, ‘‘ There exifts only in 
** mature, as far as we can obferve them, 
«* cafes of double affinity, often triple, and 
** others perhaps {till more complicated +.” 

Now as water does not promote thefe re- 
ductions merely by diffolving, and minutely 
dividing, the particles of the metallic falts, 
and condenfing the hydrogen gas; and fince 
a double affinity takes place in preference to 


* M. Monnet Diffolution de Metaux, p. 159. 
t Phil. Tranf. Vol. 73. An. 1783. 
oped on Phlogifton, a new Edit. by M. Kirwan, 
Pp: 49, 
Des a fingle 
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a fingle affinity; it is obvious that the water 
mutt be decompofed in thefe redu@tions in the 
following manner. 

The hydrogen of the gas unites to the oxy- 
gen of the water, while the hydrogen of the 
latter unites in its nafcent ftate to the oxygen 
of the metal, reduces it, and forms water. 

mihus xelnat could never be effected by a 
fingle, is readily performed by a double 
affinity. 

Hence it follows, that the hydrogen of the 
' gas is oxygenated by the oxygen of the wa- 
ter, while the metal is, at the fame time, 
reftored to its combuftible ftate. It alfo fol- 


lows, that the quantity of | water formed : ig ; 


double that decom per. 


CHAP. 


> 
ee ee ee ee a a a a Pe 


c ile Phofbhorus. Al 


CHAPTER IL 


Reduction of Metals by Phofphorus.. 


"Tue next fubftance, of whofe effects in 
reducing metals in the fibres of filk, I fhall 
treat, is Phofphorus, one of the moft inflam- 
mable fubftances, we are acquainted with. 

I was for fome time at a lofs, how to ap- 
ply it to this purpofe ; but learning from a 
note of Mr. Lewis, that it is foluble in 
ether; I diffolved a fmall quantity of it in 

_ that fluid, which can be eafily effected, if. 
the ether be good. The folution is con- 
fiderably promoted by a gentle heat, as that 
of the hand, and may be made in a {mall 
phial, which fhould be nearly filled with the 
ether, and accurately corked: a common 
cork is preferable, for this purpofe, to a glafs 
flopper ; and a fingle grain of phofphorus is 
fufficient for a great number of experiments. 

1 fometimes applied a much greater degree 
of heat than the above, by placing the phial 
in hot fand, prefling on the cork at the 
fame time with my finger, to prevent its 
being forced out by the expanfion of the 
ether, part of which is converted into an 
elaftic fluid, and holds fome phofphorus in 
folution : the ether foon begins to boil; the 

| phofphorus 
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phofphorus melts; and a ftrong folution is 
obtained in a few minutes by fhaking the 
phial. If the folution be removed to a cool 
place, it frequently depofits cryftals. 

This manner of preparing the folution is 
attended with fome danger; for fhould the 
phial burft, or the cork be extruded, the 
contents will be thrown out with confiderable 
force, and that part of the phofphorus not 
diffolved by the ether burn with great vio- 
lence, . : 

The only objection to this’ preparation of 
phofphorus is the ether, which muft necef- 
farily modify the refult, and prevent that 
fimplicity fo defirable in experiment. 

But, after fome obfervation, it was per- 
ceived, that the ‘ether’ flies off, and leaves the 
phofphorus pure, and minutely divided in 
the fibres of the filk: the ether, from its 
great volatility, firft evaporates, and, at the 
fame time, produces a very confiderable de- 
gree of cold, which effectually prevents the 
evaporation, and combuftion, of the phof- 
phorus. | | 

After the ether evaporates; the cold ceafes, 
and the’ combuftion of the phofphorus com- 
mences, attended with white fumes, which 
continue till the whole is confumed, if no — 
other power intervene. : 

Hence it is evident, that this preparation 
of phofphorus has a fimplicity, and elegance, — 
not always to be obtained. . ; 


It has alfo another great advantage in ex- — 
periments = 
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periments of this kind; for it does not 
change, in the {malleft degree, the white 
coleur of filk, during its, flow combuftion, 
which is not attended with heat fufficient to 
affe&t the moft delicate colour. This pro- 
perty of not affecting the colour of the filk 
renders obfervation, and experiment, more ° 
accurate; as whatever change fupervenes, 
muft depend either on the metallic folution 
itfelf, or on the ation of the phofphorus on 
the fame. But this advantage is confined to 
a certain range of the thermometer; for if 
the heat be increafed to about 86° of Fah- 
renheit, and the filk be dry, the phofphorus 
is apt to fet fire to it. | 


Exp. 1. Gop. 


I immerfed a bit of filk in a folution of 
gold in ether, and after the ether evaporated, 
dropped on it fome of the folution of phof- 
phorus, which diffufed itfelf through the 
filk, like a drop of oil, and formed a circum- 
feribed fpot, whofe limits, as the ether eva- 
porated, affumed a brown colour, which foon 
diffufed itfelf equally over every part, to 
which the folution of phofphorus was ap- 
plied; but the parts of the filk, to which 
the latter did not reach, retained the yellow 
colour, which the folution of gold gave 
them, 

_ the filk viewed by tranfmitted light pre- 
fented the fame colours, except that i lie 
mits 
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mits of the brown appeared more intenfe, 
and feemed to border on a faint purple. 
Examining the filk next day, I found, that 
_ the whole of the brown ftain acquired a faint 
fhade of purple, which was moft evident on 
the margins of the ftain. ere, 


Rep 2, -Gopp: 
I dipped a bit of filk in the folution of gold 


im ether, and after it was well dried, half of 
it was wetted with diftilled water; the other 
half remaining dry; the folution of phof- 
phorus was applied to both the moift and dry 
parts of the filk: inftantly the part wetted 
with the water began to acquire a purple co- 
Jour; and, foon after, the metallic fplendour 
of the gold appeared; but that part, which 
was kept dry, acquired only a brown ftain, 
fimilar to that defcribed in the preceding ex- - 
periment. | 

T repeated thefe experiments many times, 
and always found, that the gold was reduced 
only in proportion to the water applied. 

Finding water promoted the reduétion of 
gold by phofphorus, I began to form various 
conjectures about its mode of agtion: I firft 
fuppotfed, it aéted by holding the particles of 
the falt minutely divided, thus diminifhing 
their attraction of cohefion, and confequently 
increafing their chymical attraction. _ 

The truth of this fuppofition might, I 
thought, be decided by ufing ether, and al- 

~- cohol, 
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cohol, inftead of water, to wet the filk, 
avoiding aqueous moi{ture, as much as pof- 
fible; accordingly, I made the following ex- 
periments, which were frequently repeated 
with nearly the fame refult.  ~ 


EXP. 3..GOLD: 


A piece of filk was immerfed in the folu- 
tion of phofphorus ; as foon as the ether eva- 
porated, and the phofphorus began to fume, 
an ethereal folution of gold was dropped on 
the filk,: which immediately got a brown 
colour; the piece was kept conftantly wet 
_ with ether; in fome time a purple tinge ap- 
peared on parts of the filk; and, fhortly after, 
{mall films of reduced gold appeared: the 
filk was now remarkably wet, and feemed 
to have a great power of collecting water ; 
this, I fuppofed, was partly attracted from 
the air by ths falt, and phofphorous acid 
formed during the combuftion, which has a 
powerful attraction for water ; and partly de- . 
pofited in the filk by the ether during its 
€vaporation, | 
~ In order to determine if the ether during its 
evaporation depofited water in the filk, I kept 
a bit of filk wet with ether fora few minutes, 
and found, that, after the evaporation ceafed, 
the filk was moift: but this humidity was 
Not fo great, as that obferved in the filk, to 
which the ethereal folutions of phofphorus, 
and gold, were applied, 


Another 
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Another bit of filk was dipped in the 

ethereal folution of gold, and after the ether 
evaporated, the folution of phofphorus was 
applied: a brown colour was produced ; thé 
filk was kept wet-with ether, and, ina fhort 
time, a purple tinge appeared on parts of it; 
but chiefly at the margin of the ftain, which 
gradually diffufed itfelf over the whole. 
. The only difference between this and the 
preceding experiment on gold is the order, in 
which the folution of gold, and phofphorus, 
were applied to the filk ; but there is a con- 
fiderable difference in the refult ; for in this 
the brown and purple colours were formed 
much more flowly, and no particles of res 
duced gold appeared. till after a much longer 
time. 


Exe. A. Gop. 


A piece of filk was immerfed in the folu- 
tion of _phofphorus, and when the white 
fumes began to rife, afolution of gold inal- 
cohol was applied to the filk, which was 
kept wet withalcohol; a brown tinge, which 
foon changed to a purple, appeared on dif- 
ferent parts; and, ina little time after, a 
very fmall film of reduced gold was vifible on 
a part of the margin. 

In another experiment, conducted in the 
fame manner, the reduction was more evi- 
dent. a 

The folution of gold ufed in this expe- 

riment 
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timent was very rich; and had a great at- 
traction for water; for bits of filk tinged 
with it, could not be dried without difficulty; _ 
and after they were removed to a cool place, 
they very foon became moift again. This’ is 
more or lefs the cafe with folutions of gold 
in general. 


Exe. 5. Goup. 


_ Abit of filk was dipped in a folution of 
old in alcohol, and dried; then fome of the 
folution of phofphorus was poured on the 
filk ; a brown, and then a purple colour, ap- 
peared; and in fome parts a {mall portion of 
_ the gold was reduced: the reduction was 
very obfcure; ‘but became gradually more 
evident, in proportion as it attracted watet 
from the air. The filk was occafionally wet- 
ted with alcohol. — | serie PY 
This experiment was repeated, with this 
difference, that the filk was not kept wet 
with alcohol; and no reduced gold could be 
perceived. | 3 


Exp. 6. Gorn. 


; @ 
In order to exclude water more effectually, 
a {mall phial was carefully dried by placing 
itin hot fand, and then corked, to prevent 
the accefs of moifture from the air; when 
the phial cooled, it was nearly filled with 
ether, anda fmall bit of phofphorus - drop- 
ped into it; it was then corked, and replaced 


on 
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on the hot fand; the phofphorus {oon melt. 
ed, and a ftrong folution was obtained by 
fhaking the phial. | 

Into this folution a {mall bit of filk, which 
was dipped in a rich folution of gold, and — 
carefully dried, was introduced: the filk im- 
mediately got a brown tinge; but not.a par- 
ticle of reduced gold could be perceived. 
‘The folution in a fhort time became turbid, 
and depofited a brown powder. The colour 
of theprecipitate was exactly the fame, as that 
which the filk acquired. ‘The experiment 
was continued about three months, and care- 
fully obferved ; but no other change could be 
perceived: at the end of this time the filk 
was taken out of the phial; and the folution 
of phofphorus was found capable of reducing 
gold and filver by the aid of water. 


Exp. 7... Gorn; 


In order to contraft the effets of water 
with thofe of ether, and alcohol, more fully, 

a piece of filk was immerfed in a folution of 
_nitro-muriate of gold in water, and dried in“ 
the air about. twelve hours; during which 

“time the yellow tinge, the folution of gold 
gave the filk, remained unchanged : the fo- j 
ution of phofphorus was then applied; a 
brown ftairi appeared ; the ether foon eva- — 
poratedss the phofphorus bégan to fume; and — 
the filk acquired a purple colour ; but not a — 
particle of reduced gold could be aes : 
: 1€ 
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The purple tinge in this bit of filk was 
much more intenfe, and more equal, than 
in the pieces, in which ether and alcohol were 
uted. 


Exe. 8. Gop. 


I dipped a piece of filk in the folution of 
phofphorus, when the ether evaporated, 
and the phofphorus began to fume, a folu- 
tion of gold in water was applied ; inftantly 
the filk was covered with a {plendid coat of 
reduced gold. 

Nothing can be more ftriking than this 
experiment, which was repeated times with- 
out number, or demonftrates the neceflity of 
water in thefe reduétions in a more conyinc- 
ing manner. 

This piece, viewed by tranfmitted light, 
had a purple colour with a confiderable tinge 
of blue; and the.margin of the reduced gold 
was fringed with purple. 


Exp. 9: »GoLp. ; 


Thinking that phofphorus applied in the 
form of vapour through the medium of wa- 
ter might be more effetual than a folution of 
it in ether, J immerfed a fall bit of filk in 
an aqueous folution of gold, and fuffered it 
to dry a little; it was then fufpended in a 
phial over a little water, into which a {mall 
bit of phofphorus was previoufly introduced : 
the phial was then corked, and placed on hot 

4 fand : 
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fand: ,the phofphorus began to melt, and 
afcend in white vapours, which, as foon as 
they reached the lower end of the filk, gave 
it a brown tinge, fucceeded by a purple; and 
the gold began to affime its metallic {plen- 
dour : ina fhort time thefe appearances were 
evident over the whole filk. 

The following propofitions are deducible 
from thefe experiments. ade 

1. Water does not promote the reduétion 
of gold merely by diflolving, and minutely 
dividing, the particles of the falt, and thus 
diminifhing their attraétion of cohefion, and 
confequently increafing’ their chymical at- 
traction, as I firft fuppofed ; for were this 
the cafe, ether and alcohol, which equally 
diffolve, and divide,:the falt, thould produce 
the fame effect. 

2. Ether and alcohol do not promote thefe 
reductions without the aid of water; for it 
is evident from the experiments related, that 
the few particles of reduced gold, which ap- 
pear, when they are employed, depend en- 
tirely on the quantity of water, which they | 
leave in the filk during thejr evaporation, and — 
that attracted from the air by the folution of | 
gold, and by the phofphorus during its com-_ 
buftion, both of which havea ftrong attrac- 
tion for water. ; | 

3. Phofphorus does not reduce gold by 
giving the metallic earth phlogifton, as the | 
Phlogiftians fuppofe ; for were this opinion 
true, afolution of gold in ether, or alcohol, 


fhould 


_ a a a ee 
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fhould be reduced by the phofphorus as ef- 
fetually as a folution of gold in water is. 
~ 4. Phofphorus does not reduce gold, by 
- combining with, and feparating, the oxygen 
of the gold, as the Antiphlogiftians affert ; 
for were this the cafe, the particles of the 
phofphorus fo attenuated by the ether, fhould 
reduce a folution of gold in ether, or alcohol, 
as well as a folution of gold in water, | fince 
the impediment oppofed by the attraction of 
cohefion is equally removed in both cafes. _ 
I fhall conclude thefe remarks on the re- 
duction of gold with the following expe- 
timent, which often amufed me. 


Exp. tc. Goup. 


A {mail bit of filk was immerfed in a 
folution of gold in ether, and dried; then 
the folution of phofphorus was applied, which 
changed the yellow colour of the filk toa 
brown: when the phofphorus began to fume, 
I placed the filk on the palm of my hand, 
and breathed on it a confiderable time; a 
purple tinge gradually fucceeded the brown, 
and, in fome little time after, the metallic 
luftre of the gold began to appear, 

The fame experiment fucceeds with a {o- 
lution of gold in alcohol, 

Another bit of filk, treated in the fame 
Manner, was placed over the vapour of 
Warn water for fome time; the fame ap- 

Teg pearances 
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pearances took place, and particles of reduced 
gold were evident in the filk. 

If the water, whence the vapour arifes, 
be too hot; the heat retards, and fometimgs 
prevents, the reduction, by volatilizing the 
phofphorus. 


Exe. rr. SiLvEr. 
T dipped a bit of filk in a folution of fufed’ 


nitrate of filyer in alcohol, and dried it in the 
air: then fome of the folution of phofpho- 
rus was applied, which produced a brown 
ftain, whofe margin, after a few minutes 
expofure to the air, acquired a livid white 


appearance, caufed by a partial and imperfect | 


reduction of the filver. 

This, however, would not be taken by a 
perfon unacquainted with experiments of this 
kind for reduced filver. 


Exp. 12)» SILVER. 


A bit of filk was immerfed in the folution : 
of phofphorus; as foon as the ether eva~ — 


porated, and the phofphorus began to fume; 
a few drops of the folution of filver in al- 
cohol were applied: immediately a black 
ftain, intermixed with fome brown, ap- 
peared : and, after fome time, obfcure films 
of reduced filver prefented themfelves 5 thefe 
appeared on different parts of the ftain; but 
were fo minute as to be fearce vifiblee The 
only difference between this and the pre- 


ceding - 
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ceding experiment is the order, in which 
the folutions were applied; but even this 
- modifies the refult in fome meafure. 

That thefe imperfect reductions depended 
on water, depofited in the filk, by the alco- 
hol during its evaporation, or attra€ted from 
the air by the phofphorus during its com- 
buftion, will appear from the following expe- 
riment. 


Bxp..13. SILVER, 
A {mall phial was well dried in hot fand, 


then corked, and removed to a cool place : 
after the phial cooled, it was nearly filled 
with ether, and a {mall bit of phofphorus, 
which was repeatedly wafhed in alcohol to 
free it from any aqueous moifture, that might 
‘adhere to it, was introduced: the phial was 
then corked, and placed in hot fand; when 
the phofphorus melted, I fhook the phial, 
and obtained a {trong folution. . 
Into this folution a fimall bit of filk, which | 
was dipped in a {olution of filver in alcohol, 
and dried, was introduced: the phial was 
corked ; the filk inftantly affumed a brown 
colour; but not a particle of reduced filver 
could be feen, though the experiment was 
continued about three months ; nor did the 
folution of phofphorus become turbid, or de- 
pofit any precipitate, as happened in fimilar 
experiments on gold. 
At the end of this period the filk was 
3 taken 
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taken out of the phial, wetted with water, 
and fufpended in a window ; and, after a 
confiderable time, reduced filver was manifeft 
on different parts of the filk. | 

With the folution of phofphorus, in which 
the filk ftood during that time, I reduced 
gold, and filver, with the afliftance of water. 

In order to compare the effects of water 
with thofe of ether and alcohol, I made the 
following experiments. 


Exp. 14, SILVER. 
I dipped a bit of filk in a folution of ni- 


trate of filver in water, and dried it at the 


fire: the lk thus dried retained its white - 


colour: the folution of phofphorus was. then 
applied, and immediately produced a brown 
colour, which foon, in proportion as the 
phofphorus fumed, acquired a deeper tinge, 
verging on black; and flight figns of reduc- 
tion appeared after a little time on the mar- 
gin of the ftain. | 

Another bit of filk, treated in the fame 
manner, but dried much better, exhibited 
ftili fainter figns of redu€tion: for the 
brown ftain did not appear on this piece as 
{oon as onthe former, nor was it fo intenfe; 
however, after fome minutes expofure to the 
air, the ftain became deeper, and its margin. 
acquired a livid white appearance, owing to a 
partial redudlion of the filver. 


— 
on 


OO 
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It has been often remarked, that the re- 
duction commences firft on the margin of the 
ftain, which the folution of phofphorus, and 
that of the metal, produce in the filk: I was 
a long time at a lofs to account for this ap- 
pearance; but the caufe was accidentally dif- 
covered ; for happening to fpill a few drops 
of the folution ‘of phofphorus on a table, I 
obferved, that, as they evaporated, watery 
circles were formed round the fpaces, on 
which the drops fell; and, that all the parts 
within the circles were dry. . 

This explains why the redu@ion begins on 
the margin‘ of the ftain. . | 

I obferved the fame of alcohol ; for if it 
be dropped on a level furface, it leaves a Wa- 
tery ring behind, though not’ near fo foon, 
as a folution of phofphorus in ether does; . 
this is the reafon why alcohol feems to pro- 
mote the reduction of fome metals; | fay 
feems 3; for it does not promote it, but in 
Proportion to the quantity of water it con-. 
tains, or attra@s from the air, and depofits in 
the filk during its evaporation. 
~~ How effential water is to the reduétion of 
metals will appear from the following expe- 
rimenity: 2° | 


SERRA tT Ol VER nett 
Timmerfed a piece of filk in the {olution 


of phofphorus, and after) the ether. eva- 
porated, and the phofphorus began to fume, 


Ba. ao- 
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a folution of nitrate of filver in water was 
applied ; inftantly the filver was reftored to 
its metallic fplendour. 

This experiment is very amufing, and well 
calculated to itrike the beholder with fur- 
prife. | 
; ‘The reduGtion is fometimes attended with 
{fpangles of a beautiful blue, which, appear 
chiefly where the folution of filver is moft 
abundant. 

The folution of. filver is commodioufly ap- 
plied by a camel hair pencil. | 

I alfo tried the effeéts of the vapour of 
phofphorus on bits of filk dipped in a {olution 
of nitrate of filver in water, and expofed to 
the vapour, in the fame manner as in expe- 
riment the gth; and the filver was always 
reduced: but a folution of phofphorus in 
ether feems preferable to the vapour. 5 

A fmall glafs tube, refembling a thermo- 
meter, with its bulb terminating in a {maller 
and nearly capillary tube, I found ufeful, and 
economic, efpecially in experiments on gold ; 
by immerfing the {maller end in the metallic 
folution, and inf{piring through the tube at 
the fame time, the bulb may be filled; by 
this means a fingle drop, or more, if necef- 


fary, may be applied to the filk; and, thus, - 


a great number of experiments can be made 
ona fingle grain, ora much lefs quantity, 
of gold, or any other metal. 

- ‘This little inftrument may be ufed alfo to 
apply the folution of phofphorus to the filk - 
: ire 3 bak cana 
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and it was by ufing it for this purpofe, I dif- 
covered, that phofphorus has not the power 
of reducing filver without the'aid of water ; 
for blowing the {olution of phofphorus from 
the tube on bits of filk, which had been dip- 
ped inva folution of filver, and dried, I was 
furprifed to find films of reduced filver fre- 
quently appears; whereas none appeared, when 
Tapplied the folution of phofphorus in a dif- 
ferent manner: this unexpected event often 
occurred, before I learned the caufe; at len eth 
I fufpeéted, it might depend on the moifture 
of the breath ; and I was foon convinced by 
moiftening the filk with water, that the fuf- 
 picion was well founded. ; 

_ Itis evident from thefe experiments on fil- 
ver, that water is effential co the reduction of 
this metal by phofphorus; and that ether, 
and alcohol, do not promote it. _ 

— Itis alfo evident, that thefe experiments, 
and thofe, made on the reduétion of gold, 
mutually illuftrate each other: and confirm 
the conclufions drawn from them. 


Exp. 16. 2 PLATINA. 


_Limmerfed a bit of {ilk in’a {olution of 
nitro-muriate of’ platina in diftilled water, and ° 
— dried it im the air; the folution of phofpho- 

tus! was then applied to the filk ;- but -no ap- 
pearance of reduction could be perceived, 

Another bit of filk was dipped*in the fo- 
lution of phofphorus; when -the-ether eva- 
porated, 
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porated, and the phofphorus began to fume, 
the folution of platina was applied to the filk 5 
and, in fome time, delicate films of reduced 
platina were vifible where the water was moft 
abundant. ‘Thefe films of platinacommonly 
difappear ; and nothing remains but a brown 
tinge, which, however, is more intenfe, than 
what the folution of platina alone gives the 
filk, x 

To fucceed in this. experiment, ‘the ‘filk 
fhould be replete with phofphorus; which is 
eafily done by applying the folution twice or 
thrice, and waiting after each application, 
till the fumes begin to appear. It is alfo ne~ 
ceflary to keep the filk conftantly wet with 
water. Sometimes it requires from: ten to 
twenty minutes to reduce platina in: this 
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EXP. 1. Mercury. 


I dipped a bit of filk ina folution of oxy- 
genated muriate of mercury, and dried it In 
the air; then the folution of phofphorus was 
applied ; when the ether evaporated, and the 
phofphorus began’ to~fume, a yellow ftain 
commenced on the margin, and:.gradually 
‘appeared over the wholes» ahaha 

To compare.the effects of different degrees. 
of. moifture, I immerfed a bit of {ilk in the 
fame folution of ‘mercury, and dried it care- 
fully at the/fire ;) the {olution of phofphorus 
_ was then applied; ‘the: filk began to a 
ut = 
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but no change, except a very flight ring of a 
yellow hue, appeared. The reft of the filk 
retained its white colour. , mee 

Another bit of filk was immerfed in the 
folution of phofphorus, when the ether eva- 
porated, and the phofphorus began, to fume, 
the fame folution of mercury in diftilled wa- 
ter was applied; and, in a, few feconds, a 
bright film of reduced mercury was vifible 
on the margin of the part, to which the 
metallic folution was applied, and after fome 
time appeared on the whole. ‘The reduction 
was attended with the colours of the rain- 
bow. | 

After a little time, thefe colours vanifh, 
and the metallic film becomes much more 
obfcure, according as the filk dries, and is 
fucceeded by a yellow ftain. 


Exp.18. Mercury. 


A bit of filk was dipped in a folution of 
‘nitrate of mercury in diftilled water, and 
dried at the fire; then the folution of phof- 
phorus was applied ; and, when it began to 
fume, a brown {tain commenced at the mar- 
gin, which foon diffufed itfelf over the whole, 
and gradually acquired a faint tinge of black. 
Another piece of filk, treated in the fame 
manner, but dried in the air, exhibited the 
fame appearances; except that the brown 

tinge verged more on black. _ 
Another bit of filk was immerfed in the 
folution 
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folution of phofphorus, and when it began 
‘to fume, the folution of nitrate of mercury 
was applied; a brown colour inftaritly ap- 
peared, accompanied with a film of reduced 
mercury, which was mioft evident where the 
metallic folution was moft abundant. This 
film foon difappeared, and was fucceeded by 
a black ftain, in which, however, reduced 
. mercury was vifible. No colours but black, 
and brown, appeared in this experiment. 

~ It appears from thefe experiments on mer- 
cury, that the reduétion kept pace with the 
quantity of water prefent. 


Exp. 19. Copper. 


A piece of filk was immerfed ina folution 
of fulphate of copper, and dried in the air: 
then a ftrong folution of phofphorus was ap- 
plied ; the filk acquired a brown colour; but 
no other vifible alteration occurred. 

Another piece of filk was dipped in the 
fame folution of copper, and dried at the fire 
much better than the preceding ; the folution 
of phofphorus was applied; when the ether 
evaporated, and the phofphorus began to 
fume, a brown tinge commenced on the mar- 
gin of the filk, and gradually diffufed itfelf 
over the whole; but thé ftain was by no 
means fo intenfe as that produced in the pre- 
ceding piece: {0 that there can be no doubt 
that the difference was owing to the different 


degrees of moifture in the filk. 
After 
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After this piece remained in the air for 
fome time, the brown tinge became more 
intenfe, a proof that it attracted water from 
the air. ‘This difference in the appearances 
of pieces dried in the air, and at the fire, I 
frequently remarked. | 


Exp. 20. Copper. 


A ftrong folution of phofphorus was ap- 
plied to a piece of filk, when the ether eva- 
porated, and the phofphorus began to fume, 
a folution of fulphate of copper was applied ; 
a brown ftain was inftantly produced, and 
its margins were foon covered with a white 
metallic film, parts of which, after fome 
time, verged on the colour of copper, inter- 
mixed with purple, green, and blue, If 
the folution of phofphorus be weak, which 
is always the cafe, when the ether is bad, 
nothing appears on the filk but ‘the browmn 
tain, and the white metallic film. As the 
filk dries moft of thefe appearances vanith ; 
~ but fome of the blue tinge furvives; andthe 

filk looks very unfeemly. : 

_ A bit of filk was immerfed in the fame 
folution of copper, and expofed to the vapour 
of phofphorus, as in experiment the gth ; 
but no change was produced on the filk, ex 
cept a few brown {pots, though the heat was 
fuch that the vapour filled the phial, and cir- 
culated through it: the vapour corroded a 
brats pin, which was ufed to tulpend the filk 
in 
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in the phial. ‘This induced me to try its ef- 
fects’ on copper, which was corroded by it 
in a remarkable manner, and changed into a 
black fubftance refembling a mixture of char- 
coalandoil. It appears then that phofphorus 
is ill adapted to the reduction of this metal. 


Pep Pare OT met 


A bit of filk was immerfed in a folution 
of muriate of tin in diftilled water, and dried 
in the air; the folution of phofphorus was 
then applied to the filk, and though it fumed 
confiderably, nochange whatever could be 
perceived in the colour of the filk; nor was 
there the fmalleft appearance of redu€tion. 

I poured fome of the folution of phofpho- 
rus on a bit of filk, and when it began to 
fume, the folution: of tin was applied: after 
a few feconds, white metallic films appeared, 
firft on the margin, and were gradually dif- 
fufed over that part of the filk, to which the 
muriate of tin was applied: a yellow colour 
intermixed with red fometimes attends the _ 
reduQion. After fome little time thefe films 
of reduced tin vanifh, and icarcely leave a 
ftain behind. 

_ I did not fucceed in reducing acetite of lead, 
muriate of arfenic, orfulphates of iron, and 
zinc, in this way. 

Thefe experiments on tin fhew that water 


is effential to its reduétion by phofphorus, and 
give 
o 
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give additional force to the preceding conclu- 
fions. 4 els. 

M. Sage difcovered that gold, filver, &c. 
are precipitated from theit folutions in the 
metallic form, by pieces of phofphorus, which 
are covered at the fame time with bright coats 
of gold, filver, &c. = 

To determine if water were effential to 
thefe reduétions performed by M. Sage, I 
made the following experiments. | 


Exe. 22. GOLD. 


Some folution of phofphorus in ether. was 
poured into a china cup, and a few drops of 
the ethereal folution of gold were added ; 
inftantly a brown powder was precipitated 
fimilar to what appeared in experiment the 
6th, but no gold in ‘its metallic form could be 


perceived. 


Exp. 23. Gop. 


A folution of nitro-muriate of gold in wa- 
ter was poured intoa china cup, containing a 
folution of phofphorus in ether ; inftantly 
the gold began to affume its metallic {plen- 
dour, attended with a variety of colours, as 
purple, blue, and red, the beauty of which 
cannot be defcribed: the quantity of the 
blue was gradually diminithed, and what re- 
mained, was difperfed over the furface in 
{mall films, intermixed with {pangles of re- 
duced gold. Mott of the blue films were of 


a’cir- 
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acircular figure; fome had a central fpeck 
of ruby red, and were fringed with purple ; 
fome had a round. céntial {peck of a darker 
blue than the furrounding parts: and fome 
were of an irregular figure, fringed with. 
purple, or ruby red. I often obferved thefe 
blue films affume the real colour of gold 
without fuffering any intermediate change of 
colour; and, Ithink, I obferved the fame of 
one of the largeft {pecks of ruby red, that 
appeared in this experiment. All thefe co- 
lours difappeared, when the redution was 
completed. | 

The variety of colours, which théfe films 
affume, depends on the different degrees of 
reduction ; that is to fay, on the quantity of 
oxygen combined with the metal: in pro- 
portion as the metal is deprived of the oxy- 
gen, it aflumes various colours, which often 
fucceed each other ina regular order, fhow- 
ing the different ftages of the reduction ; 
thus when gold is reduced; the firft percep- 
tible change is a green, which foon becomes 
olive ; this is fucceeded by blue, and purple ; 
and fometimes by a ruby red: the purple 
tinge is a mixture of blue, and red. 

The various colours, which metals, and 
their calces, communicate to glafs, and other 
fubftances, are explicable ou thefe principles: 
and the difficulty of obtaining a ruby-colour- 
ed glafs by gold is readily underftood from — 
the facility, with which that metal parts with 


oxygen. 
Exp. 
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Eepogzg.c: Gorn. 
~~" A thread was paffed by means of a needle 
through a {mall bit of phofphorus, which was 
freed from any ‘moifture, that might adhere 
to it, by immerfing it for fome time in al- 
cohol; it was then fufpended by means. of 
the thread in a folution of gold in ether, con 
tained in a phial, which was carefully dried 
in hot fand: ina few minutes, the folution 
became turbid, an effervefcence commenced, 
and a brown precipitate was formed + ac- 
cording as the precipitate fell, the folution 


* ‘became clear, loft its yellow colour; and the 


whole of the gold feemed to have been. pre- 
cipitated : but not a particle of reduced gold 
could be feen. ° ie etic; 
Another bit of phofphorus was fufpended 
in the fame manner in a folution of nitro- 
muriate of gold in water; and in a few mi- 


nutes got a {plendid coat of reduced gold, . 


- vExp. 25. Srtver. 


A few drops of a folution of fufed nitrate - 
of filver in alcohol were poured into a china 
cup containing a folution of phofphorus in 
ether: inftantly. a black precipitate, with a 
tinge of brown, was formed; but no filver 
In its metallic ftate could be perceived. 

After fome time the precipitate attracted 
moifture from the air; and fome films of re- 
duced filver appeared. 


The 
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The fame experiment was made in a phial, 
which was corked, to exckude the moifture 
of the air; and nothing, but the black pre« 
cipitate, appeared. 

Some of the fame folution of filver was di-~ 
luted with water, and dropped on a folution, 
of phofphorus in ether; and inftantly films 
of reduced filver floated on the furfage.., 


Exp. 26, SILVER, 


A bit of »phofphorus was fufpended: by a 
thread in fome of the fame folution of. filver 
in alcohol, contained in a phial carefully 
dried: a black precipitate with a timge of 
brown foon appeared; ‘but no filver im its 
metallic ftate could’be obferved; part'of the 


precipitate adhered to the phofphorus, and 


part fell'to the bottom of the phiah 

In another ‘experiment made in a phial not 
fufficiently ‘dried, a few {mall’ films of re- 
duced filver were obferved on the fides of 
the phial; but not a particle of filver in its 
metallic form ‘could be feen on the phot- 
phorus. my 

Another bit of phofphorus was fufpended 
in a diluted folution of nitrate of ‘filver in 
‘water: and in fome hours, the phofphorus 
was covered with reduced filver. 


ts ee _— 


The cafe of filvér, which covered ‘the © 


phofphorus, prevented its fpontaneous com- 
‘buftion in the air; the fame was obferved 
of the bit of phofphorus coated with gold. 

Hence 
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_. Hence it appears, that M. Sage’s fuccefs 
in reducing metals by phofphorus depended 
on the water of the metallic folution. 

Thefe experiments were often repeated 
with nearly the fame refult; but fome va- 
riety often occurs, depending on various. cir- 
cumftances; as-the ftreng'h of the metallic 
folution, and that of the hofphorus; the 
quantity of water prefent, and the purity of 
the materials employed. — 

It is difficult to obtain ether, or alcohol, 
with the leaft poffible quantity of water ; 
and .equally difficult to expel all moifture 
from the furface of glafs; for this reafon, 
fhe bits of phofphorus in the experiments 
made with alcohol and ether were fufpended 
iby threads, fo as not to touch the fides of 
the glafs. 

I thall conclude this chapter with a gene- 
fal-view of the inferences, which feem na- 
turally to flow from thefe experiments with 
‘phofphorus, 

a. Water is .effential to the reduction of 
metals:by phofphorus; for thefe experiments 
fhow sthat the redu@tion,is effected only in 
;Proportion to the quantity of water prefent. 

2» Phofphorus does not reduce the metals 
by. giving them,phlogifton. 

3- Phofphorus does not reduce the metals 
by uniting with, and feparating, their Oxy - 
gen. | 

How then is the reduétion effeted ? are we 
mot ,to.conclude, that it is effected by the de- 

no 2 compofition 
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‘compofi ition of the! ales if’ the following 
manner? ° | 
“Dhe srbgghibrus ete the oxygen bE thre 
“water, while the hydrogen of the’ latter 
unites, ‘in its nafcent ftate, with the oxygen 
of the metal, and effects the redu€tion: © 
Hence ‘it Yalow: that the phofphorus ‘is 
oxygenated by the oxygen ‘of the’ water, 
while the metal is reftored’ to its combuitible 
ftate. ue oY oct 
Thus what could never’ be effected by a 
*fingle, is readily performed by a double affi- 
“nity ; which always takes place in preferenée 
to a fingle affinity, as the experiments of 
Mefirs. Monnet, and Kirwan, | mentioned in 
the preceding chapter, fhow. 9% ho) obit 
It is well known, that phofphorus eons in 
water acquires an oxygenated cruft, which 
could not happen without a decompofition of 
the water: thts fact ferves to confirm the lex- 
planation here offered.’ ii woot yHaaes 
And indeed the secant of water ‘in 
thefe experiments muft be granted, or it muft 
be fuppofed, that water itfelf reduces the 
metals, by uniting with their earths, and 
conftituting their phlogifton; or by uniting | 
~ with, and “feparating, their oxygen; fuppo- 
fitions repugnant to our prefent eaowietee 
of chy anittr y- Si 


CHAP- 
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CHAPTER III. 


_ Reduéttion of Metals by Sulphur. 


THOUGH Sulphur, as far as my reading 
extends, has feldom been confidered as a re- 
ducer of the metals, yet as it holds a diftin- 
guifhed rank among combuttible bodies, ana- 
logy led me to examine its powers in reducing 
and fixing the metals in the fibres of filk. 

The vapour of fulphur appeared to be the 
moft fimple form, in which it could’ be ap- 
plied to this purpofe ; and may be obtained 
by placing a phial containing flowers of ful- 
phur in hot fand: as the fulphur melts, it 
-affumes the form of vapour, which foon fills 
the phial, expels the atmofpheric air, and 
bears a confiderable heat, before it inflames : 
a bit of filk, prepared for the experiment, 
may be held over the vapour, as it iffues 
from the phial, or-:immerfed in it. ‘The 
neck of the phial fhould: be of a convenient 
fize for this purpofe. 

But thefe experiments are more conve- 
niently made by Means of a fulphurous 
match, and a glafs funnel, in which the filk 
imbued’ with the metallic folution may be 
fufpended by athread paffed through it, and 
; F . 


3 made 
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made faft with a cork, which alfo ferves to 
confine the vapour. 

The glafs is then placed on a table, and 
by moving it a litde beyond the verge of the 
fame, a lighted match is readily introduced, 
which, as foo as the glafs is filled with va- 
pour, may be withdrawn; the vapour is con- 
fined by making the glafs glide back on the 
table; and thus the phenomena of the e€x- 
periment can be eafily obferved. - ‘ 

Though the vapour obtained in this manner 
be chiefly fulphurous acid gas; yet its effects 
aré fiot lefs interefting on that account. 


Exp. 1. GOup. 


A bit of filk was dipped in a folution of 
gold in ether, and dried: it was then fut 
pended in the glafs funnel, and expofed for 
fome time to the vapour obtained from a 
burning match : but no change could be per- 
ceived, except that the filk became a little 
brown. 

Another bit of filk, prepared in the iame 
manner, was immeried in the vapour of tul- 
phur, formed in a phial placed in hot fand, 
with the fame refult. . 


Exe. 2. Goup. 


A piece of filk was immerfed in a folution 
of nitro. muriate of gold in water, fu{pended 
in the glafs funnel, and expofed, while wet, 


to vapour of fulphur, formed by a burning» 
match 5 
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match; no fooner did the vapour touch the 
filk, than the redu@tion commenced ; and in 
a few feconds the whole piece was covered 
with a {plendid coat of reduced gold, per- 
manent, and retentive of its luftre; but had 
a few {pecks of a dull violet hue. 

The filk viewed by tranfmitted light ap- 
peared of a beautiful blue colour; and being 
removed from the vapour, and fufpended in 
the air, began in about ten minutes to exhale 
a vapour, which continued about two hours, 
and f{melled acid, and pungent. 

Another bit of filk, dipped in the fame fo- 
lution of gold, and dried, was wetted with al- 
cohol, and expofed to the fame vapour: the | 
filk acquired a brownifh hue; and a {mall 
white metallic film appeared on its lower end, 
where the alcohol moit abounded: the filk 
was then wetted with water, and replaced in 
the vapour ; inftantly a lively purple with a 
bright pellicle of reduced gold appeared. 


EXP., 3a (OLL VER: 


-_ A piece of filk was immerfed in a folution 
of nitrate of filver in water, and fufpended 
in the air of a dark clofet to dry; the filk 
retained its white colour, though it remained 
in the air twenty-four hours; it was then 
expofed fourteen hours to the vapour obtain- 
ed froma burning match; but fuffered no 
change, except that it acquired a brown 
tinge ; it was now wetted with alcohol, and 

BP 4 replaced 
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replaced in the vapour for fome’ time; no 
figns of reduction appearing, it was wetted 
again with the alcohol, and expofed to the 
vapour ; but fill no figns of reduction could 
be perceived : I then wetted the filk with dif- 
tilled water, replaced it in the fulphureous: . 
vapour ; i? in about a minute eet: niver 


appeared. | 7 id 


lps cre SILVER, 


I dipped a bit of filk in a folution of nitrate. 
of filver. in diftilled water, and. ‘expoted it, 
while wet, to the vapour of fulphur, as in 
the. preceding experiment 5 ; in a few feconds 
the filver appeared in its metallic form, at- 
tended with a variety of lively colours ; the 
moft remarkable, of .thefe were a pleafant 
blue, orange, purple, and. yellow, which. 
foon difappear ed: the reduced filver alfo dif. 
appeared in a great meafure, fome faint traces. 
only remaining. The filk was removed from 
the vapour into.the air, but exhaled no va- 
pour, as happened in experiment the fecond. 

_ A fmall bit of fulphur was fufpended 1 ina 
phial containing a folution of nitrate of filver 
in water; and “after fome weeks the fulphur 
was coated with reduced filver of | no eee 
luftre. 


Exe. 5.‘ (PLATING: 


A bit of filk was immerfed in a folution 


ef nitro-muriate of the ore of platina in dif- 
tilled 
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tilled water, and dried in the air; it was then 
fufpended in the'glafs funnel, and expofed to 
the vapour.of a burning match: but no figns 
of redu@ion could be obferved: the filk re- 
tained the colour, the folution. gave it. : 

Another bit of filk was dipped in the fame 
folution of platina, and expofed, while wet, 
to the fulphureous vapour; in a few feconds 
the reduction was very evident. ‘The filk was 
immerged in a glafs of clearwater, and 
transferred bright films of reduced platina to. 
the furface of that fluid ; moft of them were. 
of the fame colour as the {pangles in the ore 
of platina; and fome were diftinguifhed by 
lively blue and purple colours. 

Another bit of filk, dipped in the fame 
folution of platina, ;was immerfed, while 
wet, in the vapour of fulphur, formed in a 
phial placed in hot fand; the reduétion foon 
commenced, and was much more perfeét, 
and permanent, than in pieces expofed to the 
vapour obtained from ignited matches. 

It is remarkable that fulphur reduced this 
metal much better, than phofphorus or hy- 
drogen gas did: but the reduced platina dif 
appears after fome time, and leaves nothing 
behind but a brown ftain. 5 

Tf the films be transferred from the filk to 
water, they may be preferved in their me= 
tallic form, - iz 


Expr. 
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Exp. 6. Mercury. 

A bit of filk was immerfed in a folution of 
nitrate of mercury in diftilled water, and 
dried ; parts of the filk immediately acquired 
a flate colour: the filk was then expofed to 
the vapour of fulphur, obtained from a burn- 
ingmatch; butit fuffered no change, except 
that the colour became a little more intenfe. 

Another bit of filk was dipped in the fame 
folution-of mercury, and expofed, while wet, 
to the fame vapour: the reduction inftantly 
commenced in a very evident manner, ac- 
companied with feveral colours, as blue, pur- 
ple, and yellow. 

The filk was removed from the vapour, 
and foon loft moft of its luftre, which was 
fucceeded by .a flate colour, through which 
{ome particles of reduced mercur i aly ob- 
ferved to thine. | 


Exe. 7. Mercury. 


A bit of filk was immerfed in a folution 
- of oxygenated muriate of mercury in water, 
and dried in the air: it was then. expofed to 


the fulphureous vapour obtained from a burn- 


ing match; but the filk underwent no vitible 
change, This folution of mercur y does not 
change the white colour of filk, as. that of 
nitrate does. 


cone bit of filk was dipped i in the fame 
. folution 


ee 
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folution of oxygenated muriate of mercury, 
and expofed, while wet, to the vapour ; in 
a few feconds reduced mercury appeared, un- 
attended by any colour, except a flight tinge 
of citron yellow on part of the filk. After 
fome time the whole of the reduced mercury 
vanithed, 


Exp. 8. Copper. 


A piece of filk was immerfed in a folution 
of fulphate of copper, and dried ; it was then 
fufpended in the glafs funnel, and expofed to 
the vapour obtained from a buyning match ; 
but the filk futfered no change, retaining the 
colour, which the folution gave it. . 

Another bit of filk was dipped in the fame 
folution of copper, and expofed, while wet, 
to the vapour of an ignited match; ina fhort 
time a white metallic film appeared, accom- 
panied with a brown tinge: the filk becom- 
ing dry, was wetted with water, and expofed 
to a brifk vapour from another match: the 
film became more evident, and parts of it 
verged on yellow, bordering on a copper co- 
lour. After fome time this white metallic 
film difappears, and nothing remains but a 


7 


light brown ftain. 


Exe. 9.. Leap. 


A bit of filk was immerfed in a folution of 
acetite of lead in diftilled water, and dried in 
the air: it was then expofed to the fulphu- 

e reous 
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reous vapour of a burning match ; but wi 7 
derwent no vifible change nae er. : 

Another bit of filk was dipped in the nee 
folution of lead, and expofed, while wet, to 
the vapour ; reduced lead foon appeared all 
over the filk ; but after fome time this  re-. 
duced lead difappears, unlefs it be transferred 
to the furface of w ater. 


pee 10; ar 


A bit éf: filk was immerfed ina file sstis 
of muriate of tin in diftilled water, and dried 
in the air : “it-was then expofed to the vapour 
obtained from a burning match, which. foon 
filled the -glafs;; but produced no vifible 
change on the filk. 

Another bit of filk was dipped i in ils fame 
{olution of tin, and expofed, while wet, to: 
the fulphureous vapour; and in a few fe- 
conds reduced tin’ appeared all over the filk ; 
but the tin foon difappears, if not transferred 
to water. . 


EP. Oreos A ouith 
A bit of filk was immerfed in a folution of 
muriate of arfenic in diftilled water, and 
dried in the air; it was then expofed to the 
vapour of fulphur, obtained from a burning 
match; but the filk fuffered no apparent al- 
teration. 


‘Another bit of filk was eee in the fame 


fohenien of arfenic, and expofed,, while wet, 
> to. 
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to the vapour: inva few feconds:'the arfenic 
-was reduced, but/not inva very evident man- 
mer; the filk was immerged in water, and 
feveral bright films of reduced arfenic floated 
on the furface of that fluid. 


xP 2.5% BISMUTH, 


~ A-bitiof filk was immerfed in a folution of 
nitrate of bifmuth in diftilled. water, and 

‘dried'in the air; it was then expofed to the 
vapour of''fulphur obtained from a burning 
match’; but no figns of reduétion appeared. — 
~ Another bit of filk was dipped 'in the fame 

“folution‘of bifmuth, and expofed, while wet, 
to the fulphureous vapour; the bifmuth was 

*foon ‘reduced, accompanied with a brown 

“ftain:’ but the metallic luftre foon difappeared. 

_~ Exp. 13... ANTIMONY. 

A piece of filk was immerfed in a {olution 
_of tartarite of antimony in water, and dried; 
it was then expofed to the vapour of a burn: 
ing match; but no change could be obferved ; 
nor did the filk immerged in water depofit 

any films on its furface. 

_.. Another piece of filk was dipped in the 
fame folution of antimony, and expofed, 
while wet, to the vapour: ‘the filk, in a few 
feconds, acquired a yellow colour, and a 
bright bluith film of reduced antimony ap- 
peared on the lower end of the filk, where 
the water was moft abundant: the filk was 

then 
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then immerged ina glafs of water, and trans- 
ferred a large pellicle of reduced antimony to 
the furface of that fluid. + SS 


Exp. 14. Iron. 


A bit of filk was immerfed in a largely 
diluted folution of fulphate of tren’ in’ dit- 
tilled water, and dried inthe air; it was then 
expofed ‘to the vapour of fulphur obtained 
froma burning match’; after fome,tume the 
colour of the filk ‘became alittle; brown-;, but 
mo reduced iron ‘could -be feen; nor Jid the 
filk tmmerged ana glafs of clear water,trans- 
fer any thing metallic to its furface.;> «+ o) 

Another bit of filk was dippedin the fame 
folution of iron, and expofed, while wet, ‘to 
the fulphureous vapour; in a fhort time the 
filk was withdrawn, and;a minute fhining 
film, of a livid white colour, was vifible on 
its lower margin, where the water moft 
abounded: the filk was then immerged ina 
glafs of water, and transferred a large film of 
reduced iron to its furface. Paryh os 

This experiment fucceeded alfo with the 
vapour of fulphur formed in.a phial placed 
on hot fand. The films of reduced iron were 
feldom vifible on the filk; but were foon 
rendered vifible, by transferring them to 


water. 


Exp. 
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\Exp. 15. ZINC 

A piece of filk was dipped in a ‘diluted fo- 
lution of: fulphate of zinc, and dried; it was 
then expofed to the vapour obtained from a 
burning match ; ‘no change whatever could 
be perceived: the filk was immerged in a 
glafs of water, but depofited no-film on its 
furface.s yi 

Another piece of filk was dipped in the 
fame folution of zinc, and immerfed while 
wet in the vapour of fulphur “formed in a 
phial placed on hot fand in ‘about ‘half a 
minute the filk ‘was withdrawn from the va- 
“pour, and fome'parts of it had a fhining livid 
appearance, which I took for reduced zinc : 
in order to determine if the reduction were 
teal, the filk was immerged in a glafs of 
‘Clearwater, and transferred to its furface a 
‘bright film of reduced zine. 
_ If the filk be'kept too long in the vapour, 
fome ‘fulphur will be condenfed on its fur- 
‘face, and give it a ‘yellow colour: if it be then 
dipped ina glafs of water, it will depofit 
both the fulphur, and the'metallic films on 
its furface; but the appearance of the {iil- 
~phur is ‘fo different from that of the reduced 
metal, that they are eafily diftinguithed, 

se aa ‘bit “of filk was immerfed in a 
largely diluted folution of muriate of zinc, 
‘and ‘expofed, while wet, to the vapour ob- 
tained from a burning match ; ‘the filk bein g 

withdrawu 
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ersttiduaaen exhibited a few minute fhining 
films on its lower end, and’ on immerfion in 
water, left bright Glan of reduced zinc float- 
ing on the faseice of that fluid. 

Very often thefe films cannot be, ay un- 
til they are transferred to. water, which J 
found a very ufeful teft in doubtful cafes : 
they are better feen 1 in.the gray light than in ’ 
funfhine. — - 

Thefe experiments.on the reduction ofa me- 
tals by fulphur, were often tepeated with 

nearly the fame refult : but fome variety. o¢- 
curs depending on the quantity of water pre- 
fent, the ftrength of the metallic. folution, 
and fulphureous vapour, and alfo on the time 
the filk is expofed to the vapour. _ 
_ When the experiments are made in a phial 
placed in hot fand, part of the metallic fo- 
_ lution frequently drops from the. filk, and 
falling on the bottom, or fides of the phial, 
is reduced, covering thefe parts with a me- 
tallic rite on which the fulphur, foon re- 
aéts, and changes the greater part into a ful- 
phure. The phial commonly cracks. 
. The following conclufions are deducible 
from the experiments related in this chapter. 
tr. Water is effential to the reduction of 
metals by fulphur; for this effedt is always 
in proportion to the quantity of water BFE 
fent. 

2. Alcohol does not promote thefe tetas. 

tions without the aid of water. 


3+ Sulphur does not reduce the metals by 
giving | 


- 
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giving them phlogifton ; nor by uniting with 
and feparatine their oxygen; for were either 
of thefe opinions juft, the fulphur, fo mi- 
nutely divided by heat, fhould reduce metal- 
‘lic folutions.in alcohol as effectually as it does 
‘metallic folutions in water. 

When we compare thefe redu&tions by 
‘fulphur, with thofe effected by phofphorus, 
and confider that water is effential to both; 
we muft conclude, that the reduétion is. ef- 
feéted in the fame manner, viz. by the de- 
compofition of water; which may be thus 
explained. ae a, 

The fulphur attracts the oxygen of the 
water, while the hydrogen of the latter unites, 
“in its nafcent ftate, to the oxygen of the me= 
tal, and reftores it to the metallic form. 

Hence it follows, that the fulphur is oxy- 
genated by the oxygen of the water, while 
the metal is reftored to its combuftible ftate. 

It alfo follows, that a quantity of water 
equal to that confumed is formed by the hy- 
drogen of the water, and the oxygen of the 
metal. : 

This explanation is fupported by a fine ex- 
periment of Dr, Prieflley, who obtained in- 
flammable air by pafling the vapour of water 
through fulphur ‘heated in an earthen tube * ; 
and farther confirmed by the experience of 
fome judicious makers of oil of vitriol, who 


* Prieftley, Vol. VI. p. 150. 


is, § 
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always {prinkle the fulphur with a-certair 
proportion of water, before they inflame it. 

The decompofition of water in thefe re- 
ductions muft be granted, or it muft be {up- 
pofed, that a fingle takes place in preference 
to a double affinity ; which cannot be ad- 
mitted. | | 
- Thefe experiments point out feveral errors 
in M, Lavoifier’s Table of the Affinities of 
the Oxygenous Principle; for he has placed 
fulphur at a much greater diftance from that 
principle than any of the metals treated of in 
this chapter, except gold; and even in this 
inftance his table is erroneous, unlefs it be 
proved, that fulphur reduces metals by di- 
rectly uniting with, and feparating their oxy- 
gen; a {tppofition which implies, that the 
reduction is effected by a fingle affinity ; and 
therefore inadmifhible. Rm ; 

I hall clofe this chapter with a fhort_ ex- 

tract from the chemical eflays of Bithop 
Watfon ; as it feems to have fome relation 
to the experiments related here. 
' His lordfhip fays,. that his experiments on 
** the Derbyfhire lead ore inftruét us to be- 
«lieve, that the lead in this kind of ore is 
‘¢ jn its metallic ftate ; as the ore was chang- 
«¢ ed into lead without the addition of any 
‘« fubftance containing the inflammable prin- 
OF ARIDIG, 2 ; 


But the reduction of lead by fulphur and 


* Chem. Effays, Vol. III. p- 219. 
water, 
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water, related in this chapter, points out an 
evident fource of the inflammable principle ; 
for the ore itfelf muft contain fome water, a 
conftituent part of which is hydrogen, or the 
bafe of inflammable air: befide his lordfhip 
thinks, no appearance of lead would -have 
taken place, had there been no communica- 
tion with the external air: but as air always 
holds water in folution, an ample fource of 
_ the inflammable principle is evident. 


q 
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CHAPTER. dL. 


Reduction of Metals by Alkaline Sulphure. 


Tue Sulphure, I made ufe of, was pre- 
pared by fufing equal parts of carbonate of 
potafh, and flowers of felphur, till eh ef- 
fervefcence ceafed. 

M. Gengembre has made a very pmtatiine 
obfervation on alkaline fulphure, prepared in 
this way, which is, that this fubftance has 
no {mell, and that it exhales no gas, while it 
continues dry; but that, when it is diflolved 
in water, or attracts humidity from the air, 
it diffufes an offenfive {fmell, 

From this circumftance M. Gengembre 
inferred, that the difengagement of this gas 
depended on the decompofition of water ; ax 
he difcovered both by analyfis, and fynthefis, 
that this air confifts of hydrogen, one of the 
principles of water, combined with fulphur, 
and calorie. 

There can then be no doubt, but alkaline — 
fulphure has the power of decompofing wa- 
ter; and may therefore be happily employed — 
to illuftrate the mode of ation of fulphur, 
and other combuftible fubftances, treated of 
in this effay. 


When — 
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When diluted acids are poured on folid al- 
kaline fulphure, the decompofition of the 
water is promoted, and accelerated, fulphu- 
rated hydrogen gas being formed in great 
abundance. 

I made two folutions of this alkaline ful- 
phure, one in water, and the other in al- 
cohol. | 


Exp. 1. Go Lp. 


- A bit of filk was immerfed in the folution 
of fulphure in alcohol, and then a folution of 
gold in ether was applied: a brown matter 
was formed in the filk ; but no reduced gold 
could be perceived. 

Another bit of filk was dipped in the fame 
folution of fulphure in alcohol, anda folution 
of nitro-muriate of gold in water was ap- 
plied; a white metallic film was flowly form- 
ed; but no other figns of redu@ion were 
vifible. 

This experiment was repeated on another 

bit of filk, with this difference, that the fo- 
_ lutions of the gold, and fulphure, were both 
_ in water; and the white metallic film was 
inftantly formed, accompanied by a confide- 
rable precipitate of a brown matter. 

It is obvious then, that water accelerates, 
and is neceflary to the appearance of this 
film: for when both folutions were in wa- 
ter, it appeared much fooner. - 


G"3 | Exp. 
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Exp. “Gorn 


_A piece of filk was immerfed in an aqueous 
folution of gold, in which the acid predomi- 
nated, then a few drops of the aqueous fo- 
lution of fulphure were applied: a white pel- 
Jicle, which looked like filver, was immedi- 
ately formed, and the filk got a deep brown 
colour. 

To another piece of filk, dipped in the 
fame folution of gold, the folution of ful- - 
phure in alcohol was applied, a white metal- 
lic film appeared; but not fo evident, or fo 
{oon, as in the preceding experiment, where- 
in the folution of fulphure in water was 
ufed: befide the film produced by the aqueous — 
{olution of fulphure was more permanent, 
and the ftain, which the filk acquired, was 
more intenfe, than thofe produced by the 
{olution of fulphure in alcohol. 


Exp. 3. SILVER. 


I immerfed a piece of filk in a folution © 
of the ‘fulphure in alcohol, and after moft of 
the fpirit evaporated, a folution of nitrate of 
filver in alcohol was applied: nothing appear- — 
ed on the filk, but a brown ftain. The ni-— 
trate of filver, ufedin this experiment, was — 
fufed, to expel as much water as poffible. 
' Another piece of filk was dipped in the ~ 
fame folution of fulphure; when moft of © 
the alcohol evaporated, a folution of cryftal- 

I - lized 
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lized nitrate of filver in water was applied to 
the filk; and inftantly the metallic luftre of 
the filver appeared, attended with a brown 
ftain. : WP Stas 03 


Hee. 4. Sinvar: 

A piece of filk was dipped in the folution 
of alkaline fulphure in water, and an aqueous 
folution of cryftallized nitrate of filver was 
applied; the filver was immediately reduced 
in greater quantity than in the preceding ex- 
periment, in which the alkaline {ulphure em- 
ployed was diffolved in alcohol. ‘The ftain 
produced in the filk was alfo more intenfe. 


Exp. 5. Sinven. 


A bit of filk was immerfed in a {olution 
of the fulphure in water, and thena folution. 
of nitrate of filver in alcohol was applied: 
but nothing appeared on the filk, except a 
brown ftain. The nitrate of filver, ufed in 
this experiment, was fufed, which deprived 
it of a great part of its acid. That this was 
the circumftance, which prevented the re- 
duction of the filver, appears from the fol- 
lowing experiment. 

A bit of filk was immerfed in the fame 
folution of filver jn alcohol, theri fome di- 
luted nitric acid was apphed, laftly the 
aqueous folution of fulphure was dropped on 
the filk : and inftantly the filver was reftored 
‘fo its metallic {plendour. It is evident then, 


G 4 thag 
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that acids contribute to the reduction of filver 
by alkaline fulphure, which they effeét by 
promoting the decompofition of water. 

In fome time the reduced filver difappears 
for the moft part: and indeed the white me- 
tallic films, which were.produced in the ex- 
periments on gold, totally difappeared. 


Exp. 6. PLaTINa. 


A bit of fill was immerfed in a folution of 
nitro-muriate of the ore of platina in diftilled 
water, and dried; then the folution of ful- 
phure in alcohol was dropped on the filk: 
_ nothing appeared but a brown ftain. 

Another bit of filk was dipped in the 
aqueous folution of fulphure, and a little of 
the folution of platina applied; in a fhort 
time, a film of reduced platina appeared. 

To another bit of filk, which was dipped 
in the folution of platina, a few drops of dif- 
tilled vinegar were applied, and then the fo- 
lution of fulphure in water was added; a 
brown ftain was immediaaely produced, and 
more platina reduced than in the preceding 
experiment. . 


Exp. 7. MERCURY. 
To a bit of filk, which was immerfed in a 
{olution of oxygenated muriate of mercury 
in water, and dried inthe air; fome of the 


folution of fulphure in alcohol was ENS 3 
ut 
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but no. change, except a light yellowith 
brown, was produced. 
After the filk was fome time expofed to the 
air, fome very faint fhades of black were vi- 
fible on parts.of it. . oa 
To a piece.of filk, which was immerfed 
in the folution of fulphure in water, fome 
of the fame {olution of mercury was applied ; 
immediately the metal was reftored to its me- 
tallic luftre, in a very ftriking manner; and 
it was remarkable, that the precipitate on the 
filk was very {mall. | | 
This experiment was repeated with this 
difference, that the filk was firft wetted with 
diftilled vinegar: and more of the mercury 
was reduced, than in the preceding expe- 
‘fiment, attended with an olive precipitate, 
which gradually turned blackifh : the quan- 
tity of precipitated matter in this was much 
greater than in the former experiment ; but 
the reduced metal was not fo bright. . 


Expr. 8. Mrttcury. 


A bit of filk, which was dipped in a fo- 
lution of nitrate of mercury, and dried in the 
air, had no change produced on it by a folu- 
tion of fulphure in alcohol, except a ftain 
compounded of the flate colour, which the 
hitrate imparts, and the yellow of the ful- 
phure.. 

To another bit of filk, which wa$ im- 
merfed in the aqueous folution of {ulphure, 

| {ome 
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fome of the fame folution of mercury was 
applied: the metal was immediately reduced; 
anda very black ftain attended the redu€tion. 


Exp, 9. COPPER. 


A piece of filk was dipped in a folution of 
fulphate of copper, and dried in the air; a 
folution ‘of the fulphure in alcohol was ap- 
plied to it; but no’change, except a brown 
ftain, was produced, 3 

-'To another bit of filk, immerfed in the 
aqueous {olution of fulphure, fome of the 
fame folution of copper was applied : a-white 
metallic film was flowly formed, attended 
with a brown colour. , 

On another bit of filk,; which was dipped 
inthe fame folution of copper, and placed 
‘on a faucer, fome diftilled vinegar was drop- 


ped, andthen.a few drops of the aqueous fo- — 


lution of fulphure were added : immediately 
a white metallic film appeared in greater 
quantity than in the preceding experiment. 


XP DOs Ig D.s. 


a 


A piece of filk was imamerfed in a folution — 


of acetite of lead in diftilled water, and dned © 


in the air; then the folution of fulphure in | 


alcohol was applied: but nothing appeared 
on the filk, except a brown ftain. 

A bit of the fame filk was dipped in the 
fame folution of lead, then the folution of 


fulphure in water was applied: the lead was ~ 
~ - foon © 


oe eae 


rd 
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foon reduced to’ its metallic ftate: a brown 
ftain, and precipitate of the fame colour, . at- 
tending the reduction. 

The fame experiment was repeated with 
this difference, that the filk was firft wetted 
with diftilled vinegar, and inftantly the lead 
was reduced of greater luftre, and in greater 
quantity, than in the preceding experiment. 

This experiment was tried on a bit of 
white calico, dipped in diftilled vinegar, and 
placed on the palm of my hand; and in- 
{tantly the metallic luftre of the lead, which 
was reduced in great quantity, appeared in a 
very remarkable manner, attended with a 
brown ftain. Phy be ne | 


Exe. 7 ig od Bs 


To a bit of filk dipped in a folution of mu- 
riate of tin in.diftilled water, and dried in the 
air, the folution of fulphure in alcohol was 
applied: nothing appeared but a brown ftain. 

Another bit of filk was immerfed in the 
folution of fulphure in water, then the fame 
folution of muriate of tin was applied ; ina 
thort time fome reduced tin appeared on the 
filk. Vinegar promoted the reduction of this 
metal alfo, in a remarkable manner. 


Exp. 12. ARSENIC. 


A bit of filk was immerfed in a folution 
of muriate of arfenic in diftilled water, and 
 Aried in the air: the folution of fulphure in 
alcohol 
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alcohol was then applied: the filk firt look- 
ed yellow, in a fhort time the yellow colour 
almoft entirely difappeared, leaving behind a 
whitith precipitate ; but no other change was 
produced. ee 

Another bit of filk was dipped in the fo- 
lution of fulphure in water; then fome of 
the fame folution of arfenic was applied; a 
yellow precipitate was formed; and fhortly 
after, this precipitate was farrounded by a 
violet margin ; but no other change could be 
obferved. RPM Ie? 5h. 

I immerfed another bit of the fame filk in 
_the fame folution of arfenic, fome diftilled 
vinegar was then dropped on it; and laftly 
the aqueous folution of fulphure was ap- 
plied: after fome time, a few minute films of 
reduced arfenic bright as filver were vifible, 

Some attention is néceffary to difeover the - 
reduced arfenic, as the particles reduced are 
few, and minute; and fometimes none can 
be feen. fy 


Exp. 13. BismurH. | 

Toa bit of filk, which was dipped in a 
folution of nitrate of Bifmuth in diftilled 
water, and dried in the air, the folution of | 
fulphure in alcohol was applied: the filk ap- 

peared firft yellow, then brown; but no far- 
ther change could be obferved. | 
Another bit of filk was immerfed in the 
folution of fulphure in water; fome of the 
fame 
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fame folution of bifmuth was then applied to 
it;' the metal was immediately reduced; and 
a brown precipitate was formed. Vinegar 
feems neither to promote, nor retard the re- 
duétion. 

Two bits of white calico were dipped in 
the fame folution of bifrauth; to one of thefe 
placed on a faucer fome diftilled vinegar was 
added; then a fingle drop of the folution of 
fulphure in water was applied; and the whole 

of the calico, except that part on which the 
drop fell, was covered with reduced bifmuth, 
which looked exceedingly bright: the fame 
_ appearance was obferved on the other bit, to 
which no vinegar was added. 


Exp. 14. ANTIMONY. 


To a bit of filk, which was dipped in-a 
folution of tartarite of antimony in diftilled 
water, and dried in the air, the folution of 
- fulphure in alcohol was applied; the fill 

got a yellow colotr, whofe margins, fome 
‘time after, acquired an orange hue; but no 
other change was perceived. 

_ Another bit of the fame filk was immerfed 
“in the aqueous folution of fulphure, the fame 
folution of antimony was then applied: part 
of the metal was reduced, though in {mall 
_ quantity, attended with an orange precipitate. 

The acids of vinegar, and tartar, {eemed 
to impede the redu@ion; the muriatic acid 


alfo 


. 
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alfo feemed to have the fame effet, though 
not in fo great a degree as the two former. 


Exp; 1 ss. CoparyT. | 


Toa bit of filk, which was dipped in a 
folution of ‘nitrate of cobalt, and dried in the 
air, the folution of fulphure im alcohol was 
applied ; the filk foon became brown ; but 
no farther change could be perceived. 

To another bit of filk, which was im- 
merfed in the folution of fulphure in -water, 
a few drops of the fame folution of cobalt 
were applied: the filk immediately acquired 
a dark colour, and, ina little time, fome of 
the metal was reduced, attended with a dull 
blue precipitate, which changed to a blackith 
_ brown. * gl : 

- Muriate of cobalt. was reduced in the fame 
manner: vinegar promoted the reduGtion of 
both thefe preparations of cobalt. 


| Exp. 16. Tron: 


To a piece of filk, which was immerfed in 
a folution of fulphate of iron largely diluted, 
and dried in the air, the folution of fulphure 
in alcohol was applied: the filk foon became 
black ; but no other change could be per- 
ceived. , ad 
Another bit of filk was dipped in the folu- 
tion of fulphure in water, fome of the fame 
folution of iron was then applied: the filk 
inftantly affumed a black colour; but no re~. 
duced 
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duced iron appearing, it was immerged in a 
glafs of water, and transferred a bright film 
of reduced iron to the furface of that fluid. 

Sometimes part of the film has not the 
metallic luftre, which is very evident in other 
parts of it; fa that the parts completely re- 
duced can be eafily diftinguifhed from the 
dull and imperfe€tly reduced black oxid of 
iron, intermixed with thefe bright films. 

The fame experiments were repeated on 
bits of calico with the fame refult : the calico 
from its fpongy texture is better fuited to 
produce {trong films than filk is. 

Vinegar did not promote the reduétion of 
iron in thefé experiments. 


IDR. SIGS Gy eaiteae 3p ame 


_ To a bit of filk, which was immerfed in a 
largely diluted folution of muriate of zinc, 
and dried in the air, fome of the folution of 
fulphure in alcohol was applied ; nothing ap« 
peared on the filk, but the yellow colour, 
which the folution of fulphure imparts. 

_ Another bit of GK was dipped in the folu- 
tion of fulphure in water, and fome of the 
fame folution of zinc was applied: the yel- 
low colour, which the folution of fulphure 
gave the filk, foon became white ; but no 
reduced zinc could be feen. The filk was 
then immerged in a glafs of clear Water, ‘and 
transferred a bright film of reduced zinc to 


its furface, 
In 
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In another experiment, made with white 
calico, the pellicle transferred to the furface 
of water was brighter; and mote zinc was 
reduced, than in the preceding experiment. 
Sulphate of zinc alfo was reduced both on 
filk, and calico, with this difference that 
black, and olive, precipitates, attended the re- 
dution. 


‘Exe. 18. MANGANESE. 


I dipped a bit of filk in a diluted folution 
of nitrate of manganefe, and dried it in the 
air; the folution of fulphure in alcohol was 
then applied : the filk acquired a yellow co- 
Jour, which foon difappeared; but no other 
change could be obferved. 
~ To another bit of filk, which was immerfed 
in the folution of fulphure in water, a drop 
of the fame folution of manganefe was ap- . 
plied : inftantly a pearl-white precipitate was 
formed, the margin of which foon acquired 
a bright film of reduced manganefe. Under 
this film a violet tinge evident. 

The nitrate of manganefe ufed in this ex- 
periment was very acid. 7 

A folution of alkaline fulphure in water _ 
after a certain length of time lofes the power 
of reducing the metals, in which refpect it 
refembles an old folution of fulphate of tron. 

Having procured a more neutral folution 
of nitrate of manganefe, | immerfed a. bit of 


ik in the folution of fulphure im alcohol, 
when 
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when moft of the fpirit evaporated ; a fingle 
drop of this folution of manganefe was ap- 
plied; inftantly a bright film of reduced 
manganefe appeared, attended with a violet 
‘tinge, anda brown precipitate. After fome 
time the violet tinge difappears. 
: On another bit of filk immerfed-in the 
fame folution of fulphure in alcohol, a drop 
of a folution of fulphate of manganefe in dif- 
tilled water was applied: inftantly films of 
reduced manganefe bright as filver appeared, 
accompanied with a faint violet tinge, anda 
, pearl-white precipitate. ‘Thefe films foon dif- 
appear. = 

A folution of alkaline fulphure in alcohol 

does not by age lofe its power of reducing the 
metals, as that in water does; I kept the 
former folution more than two years, and 
found it, at the end of that time, as capable 
of reducing the metals, as when it was made. 

It is manifeft from the experiments related 
in this chapter, : 

_ 1. That water is effential to the redu@tion 
of metals by alkalint lphure. 

' 2. That alcohol does not promote thefe re- 
dudctions, without the aid of water. 

3. That alkaline fulphure does not reduce 
the metals by giving them phlogifton ; nor 
by uniting with, and feparating, their oxygen ; 
for were either of thefe opinions true, a folu- 
tion of alkaline fulphure in alcohol fhould re- 
duce them as effectually, as a folution of the 
fame in water does, 


is 4. That 
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4. That acids contribute to thefe reduc- 
tions by promoting the decompofition of 
water. 

Now fince M. Gengembre has demonftrated, 
that water is decompofed by alkaline ful 
phure ; ; who can doubt, that it is secOnRe A 
in thefe reductions ? 

The manner, in which metals are reduced 
by this fubftance, feems to be the following. 

An hydrure of fulphur, that is, a combi- 
nation of hydrogen, and fulphur, is formed : 
this hydrure of fulphur attgacts the oxygen 
of the water, while the iste of the lat- 
ter unites, in its nafcent ftate, with the ony 
genof the metal, and reduces it, 

The experiments in this chapter leave us 
no room to doubt of the decompofition of 
water in metallic reduétions by alkaline ful- 
phure, and ferve to illuftrate, and confirm, | 
the manner, in which fulphur, phofphorus, 
and other combuftible Bigs éffeét. the re- 


duction of metals. 
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CHAPTER V. 
REDUCTION or METALS. 
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SULPHURATED HYDROGEN GAS. 


| Havinc treated of the effects of hydro- 
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_ gen gas, and fulphur, feparately, I fhall next 


treat of their effets, when combined in the 


_ form of fulphurated hydrogen gas. _ 
I obtained this elaftic fluid by pouring 


water, acidulated with fulphuric acid, on al- 


_kaline fulphure, prepared in the manner 
- mentioned in the preceding chapter; but had 


it been prepared with a cauftic alkali, it is 

probable, the gas would be more powerful. _ 

The fulphure of the fhops is generally unfit 
ae 


_ for thefe experiments. 


It is neceflary in experiments with ful- 


phurated ny Bena, hydrogen -gs, &c. | 
e 


to have fome mod 


‘conveying them into 


a chimney ; as they ate offenfive, and un- 


My 
y 


4 wholefome. 


Fixer, VG6i yp: 


A piece of filk, which was immerfed in a 
folution of nitro-muriate of gold in water, - 


and dried in the air, was expofed to fulphu- 


fated hydrogen gas: the filk got a flight 


2 tinge 
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tinge of brown; but no other change oc- 
curred: it was then wetted with alcohol, and 
after fome time, the brown became more in- 
tenfe; and white films appeared on fome 
parts of the filk, owing to moifture collected 
from the gas, which 1s always replete with 
water. 

Another bit of filk was dipped in the fame 
folution of gold, and expofed, while wet, to 
the gas: the yellow colour, which the folu- 
tion of gold gave the filk, was immediately 
changed to a brown; and a white metallic 
pellicle appeared, and covered the whole fur- 
face of the filk oppofed to the gas; but no © 
purple, or other colours, that ufually attend 
the reduétion of this metal by other agents, 
could be perceived. This pellicle did not > 
entirely difappear, as the filk became dry; 
though it loft moft of its luftre, and looked 
more like filver, or fome other white metal 
imperfetly reduced, than gold. 

This elaftic fluid, and alkaline fulphure, 
_ have an effect on the reduction of gold, very 
different from that of the vapour of fulphur, 
obtained from a burning match, which fur- ~ 
ther appears from the following experiment, 
made with fulphurated hydrogen gas, that 
happened to be mixed with fome fulphurous 
acid gas. 


Exp. 2. Gopi 


A piece of filk, which was dipped in a 
{olution of gold in. ether, and dried in the 
- airy. 
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air, was expofed to a current of fulphurated 
hydrogen gas, containing fome fulphurous 
acid gas; but no figns of reduction could be 
’ perceived: the filk was then wetted with al- 
cohol; {till no vifible change was produced, 
_ except a brown ftain, where the alcohol moft 
~ abounded: this ftain, after fome minutes ex- 
pofure to atmofpheric air, was covered with 
a white metallic film, which foon difap- 
peared: after fome minutes, the filk was 
wetted with water, and expofed again to the 
gas; a white metallic film immediately ap- 
peared, and the brown ftain began to change 
- flowly to a purple; the filk was foon co- 
vered with various colours, as blue, red, and 
orange; and fome fpots of reduced gold of 
its own proper colour appeared: after fome 
time the white film, and all the colours, ex- 
cept the purple, difappeared: fome fpecks of 
the perfectly reduced gold were permanent. 
Another bit of filk, which was immerfed 
in an aqueous folution of gold, and expofed 
to the fame mixed gas, exhibited nearly the 
fame appearances. Ks 


Exp.3. 2Go.p: 


Having found that fulphurated hydrogen 
gas had a powerful effet in reducing other 
metals, 1 was defirous of trying its effects on 
a larger {cale, thinking it might be attended 
with more fuccefs: I therefore immerfed a 

quarter of a yard of filk in an aqueous {folu- 
3 tion 


102 . Reduétions by 


tion of gold, and expofed it, while wet, to 
this gas in clofe veffels: the filk was foon © 
covered with a white metallic pellicle, which 
difappeared in a fhort time: the experiment 
was continued about twelve hours, and, on 
withdrawing the filk from the gas, I could 
not perceive the {malleft veftige of reduced — 
metal, or purple, or other colours, that con- 
ftantly attend the redu€tion of gold. 
The filk hada dull brown hue verging on 
a flate colour. Ta 
Exp. 4. SILVER. : 
A piece of filk, which was immerfed in a 
folution of nitrate of filver in water, and 
dried in the air, was expofed to a current of 
fulphurated hydrogen gas; but no change 
could be perceived for fome time; at length, 
when the filk collected moifture from the gas, 
fome particles of reduced filver were vifible, 
accompanied by a brown ftain. yoy 
Another piece of filk was dipped in the 
fame folution of nitrate of filver, and ex- 
pofed, while wet, to the gas: the filver was 
inftantly reduced all over the fide of the filk 
oppofed to the current: a great variety of 
beautiful colours, as red, orange, yellow, 
green, and blue, attended the reduction 
moft of thefe difappeared;, but part of the 
filver remained permanently reduced. ‘& 
I found, that, if the filk be immerfed in ~ 


a folution of filver in alcohol, and dried, = i 
then | 
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then moiftened with water,. and expofed, 
while wet, to the gas, none of thefe colours 


appear. 


This expetiment was repeated on a quar- 
ter of a yard of filk in clofe veflels, and im- 
mediately both fides of the filk were covered 
with reduced filver, attended with the fame 
beautiful colours: the filk was left expofed to 
the gas feven or eight hours; and being then 
examined, no reduced filver could be feen: 
nothing remained, but a ftrange medley of 
colours, chiefly blue, green, purple, and 
orange, unequally mixed, fome prevailing 
_ more than others in certain parts of the filk : 
_ however the die is by no means difagreeable. 


Peo nh SIL VE 


A piece of filk, which was immerfed in a 
folution of fufed nitrate of filver in, alcohol, 
and dried in the air, was expofed to a current 
of the gas; but no,change could be perceived 
for fome time: it was then wetted with al- 
cohol, ftill no alteration could be obferved, 
till the filk attracted moifture from the gas, 
when {mall particles of reduced filver began 
to appear, attended with a brown ftain. 

: If the filk immerfed in the folution of fil- 
~ ver in alcohol, and expofed while wet to the 
' gas, be kept conftantly wet with alcohol, 
_ thefe appearances take place fooner. | 

_ A piece of filk, which was dippéd:in’ a f{o- 
lution of muriate of filver in ammonia, and 
H 4 ~’expofed, 
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expofed, while wet, to the gas, had in a 
fhort time its furface covered with reduced 
filver: but another piece of filk dipped in the 
fame {olution of filver, and dried, underwent 
no fuch change. ; 


Exe. 6.. PLATiINai 


A bit of filk, which was dipped in a fo- — 
lution of nitro-muriate of the ore of platina 
in diftilled water, and dried in the air, was 
,expofed to a current of fulphurated hydrogen 
gas ; but underwent no perceptible change. 

_ Another bit of filk was immerfed in the 
fame {olution of platina, and expofed, while 
wet, to the gas; the whole furface of the 
filk, oppofed to the current, was inftantly — 
covered with reduced platina, which foon 
loft its lufire; nothing remaining but a brown 
colour, with fome taint veftiges of the re- 
duced metal. 

‘This experiment was repeated on a bit of 
linen with the fame refult. 


oe 
Exp 7... Nercury: 


A bit of filk, which was dipped ina folu- 
tion of oxygenated muriate of mercury in 
diftilled water, and dried in the air, was ex-_ 
pofed toa current of the gas; the only vifible — 
change produced wasa flight fhade of yellow ~ 
on part of the filk. 

Another bit of filk was immerfed in the — 


fame folution of mercury, and expofed, while — 
) wet, © 
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wet, to the gas: the mercury was immedi- 
ately reduced ; but foon loft its luftre: the 
gas reacting changed moft of it to a fub- 
{tance of a dull white colour. 

The fame experiments were made with ni- 
trate of mercury, with the fame refult. 


Exp. 8. Copper. 


A bit of filk was immerfed in a folution of 
fulphate of copper in diftilled water, and fuf- 
pended in the air to dry’; it was then expofed 
to a current of the gas: the filk affumed a 
brown colour; but no other change appeared. 

~ Another bit.of filk was dipped in the fame 
folution of copper, and expofed, while wet, 
~ to the gas: a white metallic film, attended 
with a brown ftain, immediately appeared : 
fome parts had a yellow film approaching to 
the colour of copper: thefe films all difap- 
peared, leaving behind: a brown ftain: the 
parts, which were covered with the yellow 
film, refembling copper, exhibited, after fome 
time, a dull bluith difagreeable matter. 


- 


BxPag. RAD, 


Having dipped a piece of filk in a folution 
of acetite of lead in diftilled water, and 
_dried it in the airs] expofed it to a ftream of 
the gas: the filk became a little brown 3 but 
no other change could be obferved. 

Another bit of filk was immerfed in the 
fame {olution of lead, and expofed while wet 

to 
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to the gas; no fooner did it touch the filk, 
than a ietih tinge diffufed itfelf, like a bods 
fing fhadow, over the whole furface of the 
filk, accompanied with-a bright coat of re- 
dheced lead, which refembled eae . 

The our tinge, which the filk acquires, 


refembles what happens when white paper ° 


is {lightly finged by holding it near a burn- 
ing body. 


ee experiment was repeated o1 on a quarter . 
of a yard of filk in clofe veffels; and the. 


filk was immediately covered with a coat of 
reduced lead, which had the brilliance of fil- 
ver, and was attended with a brown tinge: 
the experiment was continued feveral hours, 
after which the filk was examined, and anil 
to have loft all the argentine Re which 
was fucceeded by a fparkling gray die: a 
fulphure of lead, or galena, being formed 
in the fibres of rite filk. The fame experi- 
ment was repeated on two other pieces of filk 
with the fame refult. 

This elaftic Huid 1s fo powerful a “reducer 
of the metals, thatif chambers, painted with 
white lead, have any confiderable degree of 
moifture, and are expofed to 1s influence, 
the lead on the furface of the walls is re- 
duced, and that chiefly where the humidity 
is moft abundant: this effect, | obferved, was 
produced, even at the diftance of three cham- 
bers from. the place, where the gas was 


formed: and the lead was reduced alt evi- 
dently 


cal 
2) 


| 
| 


‘ 
4 
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dently behind the window-fhutters where the 


smoifture of the wall was moft confiderable. 


It-is-a common experiment with chymitts, 


in order to dhow the effets of this gas, to 


draw characters with a folution of fugar of 
lead on paper, which they place over a glafs 
of water, containing fome alkaline fulphure : 
in.fome time the characters drawn on the 
paper acquire,a brown, or black colour, and 


' become vifible;, which amufes the fpeCta- 


tors. sips fis ges 
‘But it is furprifing, that the metal has 


never been reduced in this experiment even 


by chance; and not lefs fo, why dad fhould 
be fingled out, for this trial of fkill,'in prefe- 
rence to other metals, which are equally: af- 
fected by this SaSe. wig ae 


| eb ETO... ok TNs 
A piece of filk was dipped in a .folution of 
muriate, of tin in» diftiled water, and. dried 
in the-air;. the filk, on expofure toa current 


of the gas, {carce, underwent any change, 


except a few brown fpecks difperfed over its 


-furface. 


Another bit of filk was immerfed in the 
fame folution of tin, and expofed,.while 
Wet, to the gas, which no fooner touched 
the filk, than the furface oppofed to the Cur- 
rent was covered with reduced tin of great 
brightnefs: in fome' time various colours, as 
blue, Orange, aud a faint purple, appeared, 

gi ess and 


108 Reduétions by 


and became more evident, as thé reduétion 
proceeded. | 

The gas does not rea& on this metal fo 
much as on mercury, and fome other metals: 
part of the reduced tin remained permanent ; 
- but moft of it difappeared, and left behind a 
_difagreeable brown ftain. 


Exp. rr. ARSENIC. 


A bit of filk was immerfed in a folution 
of muriate of arfenic in diftilled water, and 
dried in the air; it was then expofed to a 
ftream of fulphurated hydrogen gas; but no 
change could be obferved, except a faint 
tinge of citron yellow, which appeared on 
{ome parts of the filk. 

Another bit of filk was dipped in the 
fame folution of arfenic, and expofed, while 
wet, to the gas: the arfenic was uiftantly 
reduced all over the furface, oppofed to the 
gas,-attended with a citron yellow colour. 
The gas foon reacted on the reduced ar- 
fenic; and nothing remained but the yellow 
{tain. 


Exe. 12. BismuTa. 


I diffolved fome bifmuth in nitric acid, 
and evaporated the folution to drynefs; the 
falt was then diffolved in diftilled water, and — 
the folution depofited a copious white preci- 
pitate, but retained a quantity of the metal — 


fufficient for thefe experiments. 
In 
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In this folution of bifmuth a piece of filk 
was immerfed, and dried in the air; it was 
then expofed to a ftream of the gas: and the 
only vifible effet produced was a very faint 
tinge of brown. ee 

Another bit of filk was dipped in the fame 
folution of bifmuth, and expofed wet to the 
gas: the filk was inftantly covered with a 
bright pellicle of reduced bifmuth, which 
foon loft moft of its metallic luftre, being 
changed by the reaétion of the gas to a ful- 
phure. 

Mr. Kirwan in his experiments on hepatic 
air, found, that nitrous folution of bifmuth, | 
by mixture :vith a folution of hepatic air in 
water, changes to a reddith brown, and even 
aflumes a metallic appearance. 

He alfo found that nitrates of filver, lead, 
' and acetite of lead, were precipitated black. 


Exp. 13. ANTIMONY. 


A piece of filk, which was immerfed in 
a folution of tartarite of antimony in diftilled 
water, and dried in the air, was expofed to 
a itream of the gas; but fuffered no vifble 
change, except that a few {pecks of yellow, 
and orange appeared. 

A bit of filk was dipped in the fame fo- 
lution of antimony, and expoied, while wet, 
to the gas; the antimony was immediately 
reduced to its metallic form, attended with 
- a deep orange colour: in fome time, moft of 
the 
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the metallic luftre difappeared,: a few fpecks 
only remaining permanent. 


Exp. 14. Tron, 


A piece of filk was immerfed in a diluted 
folution of fulphate cf iron in diftitled wa- 
ter, and dried ; it was then expofed to a cur- 
rent of the gas; but underwent no vifible 
chatrge. 

Another bit of filk ‘was dipped in the 
fame folution of iron, and expofed, while 
wet, to the gas: the filk foon began to ac- 
quire a dark colour, which gradually in- 
creafed, and, at length, became black, at- 
tended tela an ob{cure metallic film. "The 
filk was immerfed in water, and depofited 
a bright metallic film on the furface of that 
fluid. 


Exp. I5- KZLInCs : 


A bit of filk, Cate was immerfed in a_ 


diluted AES of fulphate of zinc in diftil- 
led water, and dried in the air, was expofed 


to acurrent of the gas; but one no 


vifible change. 


Another bit of filk was dipped in the fame — 


folution of zinc, and expoted, while wet, to 
the gas; but no change in the colour of the 
fill, or fign of reduétion could be perceived : 


the filk was then immerged 1 ina elafs of clear 


water, and transferred a its furface a bright 
Preiaillic film of the colour of zinc. 


When 7 


4 
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When a languid ftream of gas was em- 


_ ployed in thefe experiments, the films trans- 


ferred-to water were {carce vifible. 


Fx phink Oyo oZal N Ce 


A piece of filk, which was immerfed in a. 
largely diluted folution of muriate of zinc, 
and dried in the air, was expofed to a brifk 
current of fulphurated hydrogen gas; but 
underwent no vifible alteration. 

Another bit of filk was dipped in the fame 
folution of zinc, and expofed, while wet, 
to the fame brifk current of gas; inftantly 
the furface of the filk, oppofed to the gas, 
was covered with a bright coat of reduced 
zinc, attended with faint orange, and purple 
colours. a 

Though the reduced zinc was quite evi- 
dent ; yet I had the curiofity to examine its 
appearance on the furface of water; I there- 
fore immerfed the filk in a glafs of that 
fluid, and a bright metallic pellicle, which 
retained the texture of the filk, .as wax re- 
tains the impreffion of a feal, was transferred 
to its furface. 

Another bit of filk, dipped in the fame 
folution of zinc, and expofed for a longer 
time to the gas, loft its metallic luftre, the 
zinc being changed to a fulphure by the re- 


| _action of the gas. 


_ Thefe experiments on fulphate, and mu- 
Mate of zinc, fhow, that the acid, in which 
| the 
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the metal is diffolved, influences the reduc- 
tion in a remarkable manner. 

It is evident from the experinents related 
in this chapter, . es 

1. That water is effential to the reduction 
of metals by fulphurated hydrogen gas. 

2. That alcohol does not promote thefe 
reductions, without the aid of water. 

3. That fulphurated hydrogen gas does not 
reduce the metals by giving them phlogifton ; 
nor by uniting with, and feparating, their 
oxygen: for were cither of thefe opinions 
well founded; metallic folutions in alcohol 
fhould be as effectually reduced by this gas, 
as metallic folutions in water are. 

When we confider, that alkaline fulphure 
reduces the metals by decompofing water ; 
we have every reafon to conclude, that ful- 
phurated hydrogen gas reduces them in the 
fame manner; fince the fame circumflances 
are neceflary to both: the hydrure of ful- 
phur, which conftitytes the bafe of this gas, 
attraéts the oxygen of the water, while the 
hydrogen of the latter unites, in its nafcent . 
ftate, with the oxygen of the metal, and re- 
duces it. Bisy 

Hence it follows, that the hydrure of ful- 
phur is oxygenated by the oxygen of the wa- 
ter, while the metal is reftored to its com- 
buftible ftate. 


CHAP-- 
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CHAPTER VI. 


REDUCTION or METALS 
BY 


PHOSPHORATED HYDROGEN GAS. 


Tue effeéts of hydrogen gas and phof-~ 
phorus on the reduétion of metals in the 
fibres of filk have been treated of {eparately 
in the two firft chapters; in this, I fhall 
briefly treat of their effets, when combined 
in the form of phofphorated hydrogen gas, 
which from its high degree of inflammability 
feemed wel] adapted to this purpofe. 

The fpontaneous inflammation of this kind 
of air was known to M. Gengembre in 1783; 
and his experiments were publithed in Ro- 
fier’s journal for O&ober T7 orgs 

Mr. Kirwan ‘alfo, without any knowledge 
of M. Gengembre’s experiments, difcovered 
_ the fame air, which he calls phofphoric air, 
and publifhed his experiments in the 76th 
eae of the Philofophical Tranfa@tions for 
1756.. ) 

This elaftic fluid may be obtained by di- 
gefting a folution of potafh in water with 
about half its weight of phofphorus in a heat 
fufficient to melt the latter ; and may be re- 
ceived in glafs veffels over mercury. 

But finding it inconvenient to introduce 

pieces 
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pieces of filk prepared for thefe experiments 
over mercury in clofe veffels, I expofed them 
to the gas, as it iffued from the neck of the 
phial in which it was prepared, - - - 

Part of this elaftic fluid is fpontaneoufly 
inflammable; but the ether has not that pro- 
perty, which M. Gengembre imputes to the ’ 
prefence of carbonic acid; for the fake of 
brevity, I fhall defign the latter by the term 
gas, or phofphorated hydrogen gas; and the 
former by the epithets /pontaneoufly inflam- 
mable, or detonating gas, which, I found, does 
not burn or fcorch filk wetted with metallic 
folutions. os 


EXP. 1. Goup. 


A piece of filk, which was immerfed in a 
folution of nitro-muriate of gold in diftilled 
water, and fufpended in the air twelve hours 
to dry, was divided into three parts. . 

One of thefe was expofed to, a ftream of 
phofphorated hydrogen gas : the filk became 
‘brown, and its margins, which happened to 
touch the fides of the phial, acquired a violet 
tinge : but no redu@ion took place. Mf 

Another of thefe parts was wetted with 
alcohol, and expofed to the gas; but no figns 
of reduction could be perceived, 

‘The remainin g part was wetted with water, 
and was no fooner expofed to the gas, than 
the redu€tion commenced over the whole filk, 
which was foon covered with a bright coat of 

Feduced gold. . 

. Exes 
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Exp,.2.  SILveER. 

A piece of filk was dipped in a folution of 
fufed nitrate of filver in alcohol, and dried 
in the air: it was then divided into three 
parts. 

One of thefe, in order to diffipate moifture 
more effectually, was dried ftill better. by 
_ a gentle heat, and expofed to the gas; the 
 filk acquired a brownith dark colour: but 
no other alteration could be perceived. 

_ Another of thefe parts, which was .alfo 
_ better dried by a gentle heat, was wetted with 
_ alcohol, and expofed to the gas: the filk ac- 
quired a dark brown colour; but no other 
_ change could be obferved. . 

_ The remaining part was wetted with wa- 
ter, and expofed to the gas: the reduétion. 
_ commenced immediately, and in a fhort time 
_ the filk was covered with reduced filver, 


Lop ee pee Pratina. 


A piece of filk was immerfed in a folution 
of nitro-muriate of the ore of platina in dif- 
‘tilled water, and dried in the air; it was then 
divided into three parts. 

One of thefe parts. was expofed to the gas ; 
but fuffered no vifible change. 

Another of them was wetted with alcohol, 
and expofed to the gas; but underwent no 
perceptible chan ge. 

The remaining part was wetted with wa- 

z ter, 
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ter, and expofed to'the gas: in about three 
or four minutes, a bright metallic film, of 
great luftre, appeared on the fide of the filk, 
oppofed to the gas. 

Another bit of filk, which was dipped in 
the fame folution of platina, and expofed, 
while wet, to the {pontaneoufly inflammable 
gas, was immediately covered with reduced 
platina, which being transferred to the fur- 
face of water looked bright as filver, and re- 
tained the impreffion of the filk. 


‘> 


Exp. 4. MERCURY. 


A bit of filk, which was immerfed in a fo- 
lution of nitrate of mercury in diftilled wa- 
ter, and dried in the air, was expofed to the 
gas; but underwent no vifible change. — 

Another bit of filk was dipped in the fame 
folution of mercury, and dried : it was then 
weit:d with alcohol, and expofed to the gas ; 
but no fign of reduction appeared. 

Another bit of filk was immerfed in the 
fame folution of mercury, and expofed to the 
gas; the metal was inftantly reduced all oyer 
the filk; a great variety of beautiful colours 
attending. 

A piece of filk was dipped in a {olution of 
oxygenated muriate of mercury in diftilled 
water, and dried in the air: it was then di- 
vided into two parts. | 

One of thefe was expofed to the gas: no 
change appearing, it was wetted with. alcog 
- LOL, 
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hol, and expofed again to the gas; but ftill 
no alteration could be perceived. | 

The remaining part was wetted with wa- 
ter, and was no es expofed to the gas, 
_ than the mercury was reduced over the whole 
filk. No colours attended the redution.. 

Mr. Kirwan introduced fome precipitate 
per fe toa {mall portion: of ‘phofphoric air : 
the precipitate foon grew black; and a white 
{moke appeared ; in two days the precipitate 
remained folid; yet. acquired a pale white 
colour, like that of fteel: the air loft its 
{pontaneous inflammability *. 


Exe. 5.° Copper: 


A piece of filk, which was immerfed ina 
folution of fulphate of copper in diftilled 
_ Water, and dried in the air, was divided into 
two parts. | 

One of thefe was expofed to the gas; but 
no vifible change occurred. 

The remaining part was wetted with wa- 
ter, and expofed to the gas: ina few minutes 
a brownith matter appeared in the filk; but 
nothing metallic could be feen: the filk was 
then dipped in a glafs of clear water, and 
transferred a {mall white metallic pellicle to 
its furface. 

In another experiment, made with the 
{pontaneoufly inflammable gas, a white me- 


_* M. Kirwan, Phil. Tranf. for 1786. 


jee tallic 
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tallic pellicle was immediately formed, at- 

tended with a brown ftain ; this pellicle re- 

fembled filver, or a white metal: but the 

gas foon reacted on it, and formed a dif- 

| Pea brown matter in the fibres of the 
ilk, sais 


Pp. Ga Mlieatsa 


A bit of filk, which was dipped ina folu- 
tion of acetite of lead in diftilled water, and 
dried in the air, was expofed'to the gas; but 
fuffered no vifible change. 

Another bit of filk was immerfed in the 
fame folution of lead, and expofed, while 
wet, to the gas; but nothing metallic could 
be feen: the filk,; however, on immerfion in 
water, transferred a few minute bright films 
to'the furface of that fluid. 4) 

In another experiment, made with the de- 
tonating gas, the reduced films were more 
evident, 


e028 Exbny oe Tinog 

A bit of filk, which was dipped in a fo- 
lution of muriate of tin in diftilled water, 
and dried in the air, was expofed to the action 
of the gas, without fuffering any vifible al- 
teration. 

Another piece of filk was immerfed in the 
fame {olution of tin, and expofed, while wet, 
to the gas; but no figns of reduction could 
be perceived : the filk was then immerfed in_ 

watery 


° 
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water, and transferred a delicate metallic film 
to its furface. 


Exp. 8. ARSENIC. 


A bit of filk, which was immerfed in a fo- 
lution of muriate of arfenic in diftilled water, 
and dried in the air, was expofed to the gas ; 
but no change could be perceived. 

- Another bit of filk, immerfed in the fame: 
folution of arfenic, and expofed, while wef, 
to the gas, acquired inla few minutes a brown 
ftain ; but nothing metallic could be feen on 
the filk ; which, however, on being dipped 


im water, transferred a very minute film of 


reduced arfenic to its furface. 

In another experiment, made with the dé- 
tonating gas, the films of reduced arfenic 
were much more evident, of gteater bril- 


iance, and attended with a brown ftain 


produced in the fibres of the filk. 


Exe. 9. Bismurn.” 


A piece of filk, which was dipped in a fo- 
lution of nitrate of bifmuth in diftilled water, 
and dried in the air, was expofed to the gas; 
but no alteration could be obferved. 

Another bit of filk was immerfed in the 


-fame folution of bifmuth, and expofed, while 


wet, to the gas: the filk in two or three mi- 


nutes got a brown ftain, which gradually be- 


’ 


came more intenfe; and a very delicate me- 


tallic filtn appeared: the filk was then im- 
4 merged 
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merged in water, and transferred a bright 
film of reduced bifmuth to the furface of that 


fluid: the film retained the impreffion of the 
filk, : 


Exp. 10. ANTIMONY. 


A bit of filk, immerfed in a folution of 
tartarite. of antimony in diftilled water, and 
dried in the air, was expofed to the gas; but 
fuffered no apparent change: . 

Another piece of filk was dipped in the 
fame folution of antimony, and expoied, 
while wet, to the gas; but no figns of re- 
duction appeared: the filk was then im-_ 
merged in water, tothe furface-of which, it 
transferred one {mall fpangle. 

This experiment was repeated with the 
detonating gas, which with difficulty pro- 
duced fome fparkling films: the filk was im- 
merfed in water, and transferred the films to 
its furface. ! 

A white matter was vifible in the fibres of 
the filk. 


EXP. Ile. COBAT, Ix 


A piece of filk, immerfed in a folution 
of muriate of cobalt, and dried in the air, 
was expofed to the gas; but fuffered no vi- 
fible alteration. 

Another bit of filk was dipped in the fame 
folution of cobalt, and expofed, while wet, 
to the gas: but no fign of redudtion ap- 

ioe peared ; 
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peared; nor did the filk transfer a film to 
water. 

Another bit of filk was immerfed in a {o- 
lution of nitrate of cobalt, and expofed, while 
wet, to the detonating gas: no figns of re- 
duction were vifible for fome time; but at 
length a few {mall fpangles of the metal 
appeared on the filk, and were very brilliant, 
and when transferred to water, were ftill 
more fo: a white matter could be feen in the 
fibres of the filk, 


Exp, 12. Iron. 


_ A bit of filk was immerfed in a largely 
diluted folution of fulphate of iron in dif- 
tilled water, and dried; it was then expofed 
to the action of the gas; but no alteration 
could be perceived. ~~ 

Another bit of filk was dipped in the fame 
folution of iron, and expofed, while wet, to 
the gas: in a few minutes fome parts of the 
filk acquired a light brown colour: but no 
reduced iron could be feen on the filk, which 
however transferred a very minute, and de- 
licate film to water, 

This experiment was repeated with a 
_ ftrong detonating gas, and a very brilliant 
metallic film about four lines in diameter 
was reduced on the filk accompanied with a 
brown ftain : but nothing like the black oxid 
of iron appeared, 


Exp. 
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Exp. 13. ZANC. 


A bit of filk, which was immerfed in a 
largely diluted :{olution of muriate of ZINC, 
was expofed dry to. the gas; but underwent 
no vifible alteration. 

Another, piece of filk was dipped in ahd 
fame folution of zinc, and expofed wet to 
the, gas; no figns. of reduétion appearing, 
the filk was immerged in water, and left a 
very minute metallic film on its furface, 
which could with difficulty be feen. 

The experiment was repeated with the de- 
tonating gas, and a very bright metallic film 
of zinc, ‘ut or five lines in diameter, was 
reduced on the filk. 

This experiment ‘fucceeded alfo an a 
largely diluted folution of fulphate of zinc. 

The filk, viewed by tranfmitted light, ex- 
hibited a caver ftain beneath thefe ‘films of 
iron and zinc. 

‘The experiments detailed in this chapter 
fhow, 

1. That water is effential to the reduétion 
of nee by phofphorated hydrogen gas. 

That alcohol does ‘not promote thefe 
sadiibiong: without the aid of’ water. 

3. That this elaftic fluid does not reduce 
metals by giving them phlogifton ; nor by 
combining with, and feparating, their oxy- — 
gen; for were Sey of thete fuppofitions 
Ere, it fhould reduce them as well with al- — 
cohol, as with water. 
2 ‘After . 


oo 
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After explaining the manner, in which ful- 
phurated hydrogen gas reduces the metals ; 
the mode of agency of phofphorated hydro- 
gen gas is fufficiently obvious. 

The gas attracts the oxygen of the water, 
while the hydrogen of the latter unites, in 
its nafcent ftate, with the oxygen of the me- 
Bidlvanderecucesit,< 
_ Hence it follows, that the hydrure of 

phofphorus, which conftitutes the bafe of 
this gas, is oxygenated by the oxygen of the 
water, while the metal is, at the fame time, 
_ reftored to its combuttible ftate. 
~ By hydrure’ of phofphorus is meant, a 
combination of hydrogen and phofphorus, 
containing ‘lefs caloric; than is’ neceflary to 

the gazeous ftate, H his 


CHAP. 
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CHAPTER VII. 


REDUCTION or METALS 
BY + 


CHARCOAL: 


FINDING feveral combuiftible bodies, as 
hydrogen, phofphorus, fulphur, and com- 
binations of thefe, capable of reducing the 
metals in the erdinary temperature of the 
atmofphere ; I was defirous of knowing, if 
Charcoal alfo poffeffed that power. | 

Charcoal may be applied with this view in 
feveral forms. M. Rouelle has obferved that 
cauftic fixed alkali diffolves a confiderable 
- quantity of this fubftance. 

Charcoal alfo exifts in a very attenuated 
ftate in ether, alcohol, gum, &c. 

I have examined fome of its effects on the 
redu@ion of metals, in thefe different forms, 
in which it probably exifts combined with 
hydrogen, and alfo fome of its effects in the 
folid form. 


Exp. 1.. GOLD. 


A finall bit of well burned charcoal was 
fufpended by a thread in a phial containing a 


diluted folution of nitro-muriate of gold in 
diftilled 
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diftilled water : fome air bubbles foon.appear- 
ed on the charcoal: and in about two hours 
reduced gold was evident on its lower furface, 
and increafed gradually, till the charcoal was 
nearly coated with gold of its proper colour. 

This experiment was repeated with a rich-’ 
er folution of gold; the redu@ion did not 
commence near fo foon, nor was the quan- 
tity reduced fo great, or brilliant, as in the 
_ preceding experiment. 


Exp. 2... Goup. 


A {mall bit of charcoal was fufpended in a 
folution of gold in ether: an  effervefcence 
immediately commenced, and continued for a 
confiderable time: but the folution fuffered 
no change of colour; nor was there a par- 
~ ticle of the gold reduced. | 

I fhould not be furprifed, if the gold were 
reduced in this experiment, as charcoal con- 
tains a large quantity of water, which it 
powerfully attraéts from the furrounding air: 
however not a veftige of reduced gold could 
be perceived. 

Bits of charcoal were fufpended ‘in the 
fame manner in moft of the metallic {olutions 
treated of in this eflay : no change was per- 
ceived on thofe immerfed in folutions of ar- 
fenic, manganefe, and fufed nitrate of filver 
tn water: but a bit immerfed in a folution of 
the fame nitrate in alcohol, had parts of it 
covered with bright fj parkling particles, which 

feemed 
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feemed to vegetate from the charcoal, and 
were evidently reduced filver : for they were 
not foluble in water, on the furface of which 
the bit of charcoal depofited fome fmall fpan- 
gles of great luftre. The bits immerfed in’ 
folutions of fulphate of iron and zinc exhi- 
bited fome very faint figns of reduction. 

But thefe experiments were not repeated, 
nor fufficiently varied, to enable us to form 
a juft opinion of the power of charcoal in 
reducing metals in this way. 

A fmall quantity of charcoal, reduced to 
fine powder, was digefted feveral days im a 
ftrong folution of cauftic potafh in alcohol ; 
the phial was frequently fhaken to promote’ 
the folution. 

Some of the clear folution, which was of 
a reddith colour, was poured intoa phial for 
ufe. 

\ 


Exe. 3. _Goxp. kia 


A few drops of this folution of charcoal, 
or carbone, were applied to a bit of filk; 
after the alcohol evaporated, a folution of gold 
in ether was dropped on, and immediately 
produced a brown, which, in about half an 
hour, was changed to’a purple hue, owing 
to water attracted from the air; but’ no other 
dign of reduction appeared. 

Another bit of filk was immerfed in the 
folution of carbone, and when the alcohol 


evaporated, a few drops of an aqueous folu- 
tion 
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tion of gold were applied; abrown ftaiti:was 
 inftantly formed; the filk was kept wet 
_ with water; the ftain gradually affumed a 
_ purple tinge, and, in about. five minutes, 
{ome reduced gold of its proper {plendour, 
_ and colour, appeared: and in.fome time after 
every partof the filk, to which the folutions 
of carbone and gold were applied, was coated 
_ with reduced gold, which remained per- 
manent. During the experiment, it is ne- 
_ cefiary to keep the filk conftantly wet with 
‘water. | eee | 

Ff the folution of gold be applied before 
_ the alcohol evaporates, a black precipitate is 
_ formed, along with the brown ftain. In an_ 
experiment made in this manner, a’ metallic 
film, whitifh, and ob{cure, appeared in the 
beginning ; but foon vanithed: and in fome 
time after the gold was reduced of its proper 
colour; anda {peck of ruby red appeared on 
_ the margin. 

__ The filk viewed by tranfmitted light pre- 
_ fented variots colours, as purple, blue, and 
' fome green. 


Exp. 4. ‘S1nver. 


A few drops of the {olution of carbone 
were applied to a bit of filk; when the alco- 
hol evaporated, a folution of fufed nitrate of 
filver in alcohol was applied : a light brown 
{tain was immediately produced in the fill ; 
but no reduced filver could be feen, } 


The 
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The folution of carbone was applied to ans 
other bit of filk, and when the alcohol eva- 
porated, an aqueous folution of fufed nitrate 
of filver was dropped on: a brown ftain was 
inftantly formed, and, in about ten minutes, 
minute films of reduced filver were vifible. 

The filk was kept wet with water during 
the experiment; and the brown ftain was 
gradually changed to black. In fome little 
time the metallic films difappeared. ~ 

If the folution of filver be applied to the 
filk, before the alcohol evaporates, black and 
brown precipitates are immediately formed ; 
and commonly no reduced filver can be {een; 
but fometimes very minute films appear. 


Exe. 5. PEarina, 


To a bit of filk, which was immerfed in 
a folution of nitro-muriate of platina in dif 
tilled water, and dried in the air, a few drops 
of the folution of carbone were applied ; but 
no vifible change was produced, 

Another bit of filk was dipped in the fo- 
lution of carbone, and when the alcohol eva- 
porated, a few drops of the folution of pla- 
tina were applied: a yellow precipitate was 
immediately formed, and, in about ten mi- 
nutes delicate films of reduced platina were 
vifible : thefe metallic films foon vanithed ; 
and nothing but a yellow ftain and the preci- 
pitate remained. 

A bit of calico, on which this experiment 

was 
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was repeated, transferred a bright film of re- 
- duced.platina to the furface of water. 

' During the experiments, the filk and calico, 
were kept wet with water. 


Exe. 6. ‘Mercu RY. 


. Ona bit of filk, which was immerfed in a 
-folution of oxygenated muriate of mercury 
in diftilled water, and dried in the air, a little 
of the folution of carbone was dropped; but 
the filk underwent no vifible change, 
_ Another bit of filk was dipped in the folu- 
tion of carbone, and, when the alcohol eva- 
porated, alittle of the fame folution of mer- 
cury was applied; a yellow precipitate was 
“immediately formed; and foon after fmall 
films of reduced mercury appeared on the 
margin of the ftain. 

. This experiment.was repeated with a folu- 
‘tion of nitrate of mercury, and the redu€tion 
of the metal was very evident on the mar- 

gin of the ftain, which was black: the pre- 
\Cipitate on the bit of filk was of the colour 
of fulphur. 


Exe. 7. Copper. 


To a bit of calico, which was immerfed in 

a folution of acetite of copper in diftilled wa- 

ter, and dried in the air, a few drops of the 

folution of carbone were applied ; but no vi- 
fible change was produced. 

On another bit of calico, which was dip- 

K ped 
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ped in the fame folution of copper, fome of 
the folution of carbone was dropped : ‘the ca- 
lico acquired a flight tinge of brown ; it was 
kept wet with wae sri in about twenty 
minutes, feveral white metallic fleas were 
evident. 

A bit of ‘filk, on which this experiment 
was made, acquired ; a: beautiful red colour, . 
fimilar to the ruby red, with which copper 
tinges glafs, and depending on the fame caufe, 
viz. the enn of oxygen ‘caret arith 
the metal, ISDE Bat ok 


Exp. 8. Peta i 10 stot 


>A bit of white calico was Ane eis in a 
folution of. acetite of lead ‘in diftilled water, 
and dried in the air: thena few drops. of the 
folution of carbone were applied ; but no vi- 
fible alteration took place. 
On another bit of the fame calico, ‘inch 
- was dipped in the folution of carbone, a lit- 
- tle of the fame folution of lead was dropped ; 
and in a few feconds films of reduced lead,’ 
bright as filver, appeared : the calico was’ 
hee immerged in-water, and transferred a 
continuous pellicle of reduced lead to its fur- 
facet 
This experiment. was eAtn repeated both 
-on filk, and calico: fometimes the lead is re~ 
duced in an inftant; but.at other times five 
or fix feconds elapfe, before any reduced lead 


becomes wattle 
I af | ) 
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Talfo found, that a folution of potafh in 
alcohol reduces lead; but not fo foon, or ef- . 
fetually, or in fuch quantity, as the former 
folution does ; but‘it is evident, that thefe fo- 


~ lutions differ only in the quantity of carbone, 


_ which they contain. 


_ Exe, Ova LIN. 
To-a bit of calico, which was -immerfed, 


in-afolution of muriate of tin in diftilled 
_ water, and dried in the air, fome of the folu- 
_ tion of carbone was applied: but no figns of 


reduction appeared, nor was the colour of the 


~ calico'much altered. — 


_ On another bit-of calico, which was dip- 
ped in the folution of carbone, fome of the: 


fame folution of tin was dropped: a white 
_ precipitate was inftantly formed, .attended 
_ with bright films of reduced tin: the calico 
_ was immerged in water; and ‘left a. bright 


metallic film on the furface of that fluid... 


The fame experiment fucceeds on filk. , 


Exp. ro... BIsmuTH. 


A piece of filk, which was immerfed in a 
folution of nitrate of Bifmuth in diftilled 
water, and dried in the ‘air, fuffered no vi- 


_ fable alteration, on applying the folution of 


carbone. | 
To a bit of calico, which was dipped in 
the folution of carbone, a few drops of the 
fame folution of bifmuth were applied; and 
Ki imme- 
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immediately films of reduced bifmuth were 
evident... The calico was immerged in water, ‘ 
and transferred a bright metallic film to its 
 furface. 
This experiment fucceeded alfo on filk. 


Exp. 11. ARSENIC, 


A bit of filk was immerfed in a folution 
of muriate of arfenic in diftilled water, and 
dried in the air, then a little of the {olution 
of carbone was dropped on the filk ; but no 
vifible alteration took place: bags 

Another bit of filk was dipped in the folu-. 
tion of carbone, and when the alcohol eva-~ 
porated, fome drops of the fame folution of 
arfenic were applied; and in a fhort time a 
few minute metallic films were vifible on the 
filk, which, when transferred to water, were 
ftill more fo. jo de 

Tartarite of antimony, treated in the fame 
manner, transferred a very delicate film, 
{carcely vifible, to the furface of water. 


Exp. 12. TRon. 

A bit of calico, which was dipped:in a 
Jargely diluted {olution of fulphate of iron, 
and dried in the air, fuffered no perceptible 
change, on applying the folution of carbone, 
except a flight tinge of brown. 

Another bit of calico was immerfed in the 
fame folution of iron, and placed on a bit of 
deal board, a few drops of the folution of — 

3 carbone 


< 
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carbone were then applied: the calico was 
kept conftantly wet with water, and in about 
fifteen minutes films of reduced iron were 
vifible: the calico was immerfed in water, 
and left a bright metallic film on its furface. 


Exp. 13... Zine: 


To a bit of filk, which was dipped in a 
largely diluted folution of muriate of zinc, 
and dried in the air, a few drops of the fo- 
lution of carbone were applied; but {carce 
any alteration of colour, or other vifible 


_ change, occurred. 


A piece of calico was immerfed in the 
fame folution of zinc, and placed on a bit of 
thin deal board, a few drops of the folution 


_ of carbone were then applied: thecalico was 


kept conftantly wet with water; and in about 


fifteen minutes films of reduced zinc were 


evident: the calico was immerged in water, 


_ and transferred a very bright metallic Alm of 


the colour of zinc to its furface. . 
IT alfo reduced muriate of cobalt in this 


-fHranner. 


EXp. 14. MANGANESE. 


To.a bit of filk, which was dipped in a’ 
diluted folution of nitrate of manganefe, and 
dried in the air, fome drops of the folution 
of carbone were applied ; but nothing appear 


ed, except a brown ftain. 


Another bit of filk was immerfed in the 
K 3 folution 
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folution of carbone, when the alcohol eva- 
porated, a few drops of the fame folution of 
manganefe were applied: a brown ftain was 
foon produced; the filk was kept wet with 
water, and in about twenty minutes films of 
reduced manganefe of a bluifh white colour 
were evident on the filk. 

This experiment did not fucceed with a 
ftrong folution of nitrate of manganefe. 


The fame experiment fucceeds alfo on 


linen, and calico, both with nitrate, and ful- 
phate of manganefe ; the reduétion is attend- 
ed with violet, and purple, colours, fuch as 
this metal imparts to glafs, and other fub- 
ftances, in which it exifts combined with 
_ different proportions of oxygen: this dif- 
ference is the caufe of the different colours, 
which folutions of manganefe aflume. 

The bright films of reduced manganefe 
foon difappear, the caufe of which has been 
explained in the firft chapter of this effay: 
the explanation there offered is confirmed by 
the following facts. 

‘¢ Regulus of Manganefe,” fays Mr, Berg- 
man, ‘* when well fufed generally perfifts in 
*‘ a dry place, but fometimes undergoes 


“¢ fpontaneous calcination, and falls down in © 


** a brownifh black powder.” 
*¢ Moifture, but particularly the accefs of 


e 


‘* piece, put into a dry bottle, well corked, 


oe 


«* months, but afterwards, expofed to the 
; ** open 


¢ remained perfect for the fpace of fix | 


‘ aerial acid, aflifts this operation. A {mall — 


P 
4 


Minna 
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open air of a chamber for two days, con- 
* tracted a brownefs on its furface, together 
*¢ with fo much friability as to crumble be- 


*¢ tween the fingers. “Ihe internal parts, 


_ * however, retained an obfcure metallic 


«* fplendour, which difappeared in a few 
ec hours crs 

» I thall now relate a few experiments made 
with ether, alcohol, and gum. ii 


Exp. ue GoLp. 


_ Tevaporated a folution of gold in nitro- 


_ Muriatic acid to drynefs, and diffolved the 
_ falt in pure alcohol : the folution was poured 


_ into a phial carefully dried in hot fand, and 


a cad 


rinced with pure alcohol: the folution filled 
about 2 of the phial, which was carefully 
corked, and though it was nine months ex- 


_ pofed to the gray light, no films of reduced 
- gold appeared. 


‘Part'of the fame folution was poured into 


a phial, and diluted with water; films of re- 


_ duced gold foon appeared. 


Exp. 16. Gop. 
A phial half filled with a. folution of gold 


in fulphuric éther was expofed nine months’ 
to the gray light; but no films of reduced 
gold were produced, 


_ * Chem. Effay. Vol. II. p. 206 and 207, Eng. Tranf. 


-K4 On 
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On a bit of filk, which was dipped in part - 
of the fame folution of gold, and expofed to 
the gray light, and kept wet with water, re- 
duced gold appeared in the fpace of a few 
hours. 3 ‘aie ane 


Exp. 17. Goxp. ~ 


I mixed an aqueous folution of gold with a — 
folution of gum arabic in diftilled water, in 
fuch proportion, as to prevent the folution 
from {preading in the filk. .. ~ 

With this folution I drew. feveral ftripes 

ona piece of filk, and expofed it to the gray 
light of a chambre: in fome time the. gold 
was reduced attended with blue, and purple, 
colours. Sn th, 
__ Similar ftripes were drawn on another piece 
of filk, which, after the ftripes became. fuf- 
ficiently dry, was placed over the vapour of 
hot water ; and in about fifteen minutes the 
gold was reduced in a beautiful manner. | 

This folution was applied to another bit of 
filk, which, after it became fufficiently dry, 
was placed between the leaves of a blank 
book, to exclude the action of light; the © 
gold, after fome time, was reduced. 

I found that fimall ftripes, aud fpots, made 
with this iolution, were reduced by breathing 
on them for fome time. © 

Sugar alfo, mixed with the folution of gold, 
promotes the reduction; but not fo well as 


um. 
: A bit 
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A bit of filk was dipped in a folution of 
nitrate of filver in diftilled water, and ex pofed, 
while wet, to the fmoke of a common fire; 
in a fhort time reduced filver appeared. 

The following inferences. are deducible 
from the experiments related in this chapter. 

1. Charcoal is capable of reducing the me- 


_ tals in the ordinary temperature of the at- 


mofphere, abit | 
2. Water is effential to.the redu@tion of 

metals by charcoal: for thefe experiments 

prove, that the reduétion cannot be effetted 


_ without water. 


_.3- Charcoal does not reduce the metals by 


giving them phlogifton ; or by uniting with, 


and feparating, their oxygen; for were cither 


_ of thefe opinions true, metallic folutions in 


ether, and alcohol, fhould be as effect uaHy 


_ teduced by charcoal, as metallic folutions in 


water are. 
4. Ether, and alcohol do not. promote the 
reduction of metals without the aid. of wa- 


ter: but when this js prefent in {ufficient 


quantity, they effe@ the reduction, in the 
fame manner, that charcoal, and other com=' 


buftible bodies do. . 
It is evident then that charcoal reduces the 


Metals by decompofing water; which feems 


to be effected in the following manner. 
The carbone of the> charcoal attracts the 


oxygen of the water, while the hydrogen of 


the latter unites, in its nafcent ftate, with 
the oxygen of the metal, and reduces it. 


Hence 
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Hence it follows that the carbone is oxy- 
genated by the oxygen of the water, and forms 
~ earbonic acid, while the metal is reftored to 

its combuftible ftate, | ea 

This explanation is fupported by the fol- 
lowing fact: M. Gengembre has obferved, 
that if charcoal be immerfed in water, and 
kept at 4 temperature of 30 degrees of the 
thermometer of M. De Reaumur, the water 
is’ gradually decompofed, and inflammable 
gas'as/formed ®,32.-:ies is . 

That charcoal effets the redu€tion of me- 
_ tals, in high degreés of heat alfo, ‘by decom- 

pofing water, is evident from the following 
obfervations. cnt a ie 

The great force with which charcoal at- — 
traéts water is a fact fufficiently eftablithed ; 
Dr. Prieftley is fo convinced of this, that he 
exprefles himfelf in the following : {trong 
terms. ‘*I did not know, nor could believe 
‘«¢ the powerful attra€tion, that charcoal, or 
‘ iron, appear to have for water; when they 
* are intenfely heated, they will find, and 
‘6 attra it in the midft of the hotteft fire’ 
‘¢ through any pores in the retort." >" 

‘Now fince water is effential to the reduc- 
tion of metals in low degrees of heat; and 
fince that fluid is always prefent, when me- 
tals are reduced by charcoal in high degrees 
of heat; itis manifeft, that charcoal a&ts in 


an 


“ 


* Effay on Phlogifton, new Ed. by M. Kirwan, p. 61. 
+ Phil. Tranf. 1785. Vol. LXXYV, p. 289. sits 


the 


Charcoal. 1 3 


~ the fame manner in both thefe temperatures ; 


and fince water is eafily, and inftantly, de- 


-. compofed by charcoal at a red heat, as the 
_ Antiphlogiftians themfelves allow ; it clearly 


ae a. Mare ee 


follows that their theory of metallic reduc- 
tion is erroneous: for fince the water is in- 


i ftantly decompofed by the charcoal, it is a 


neceflary confequence, that its carbone muft 
unite with the oxygen of the water, while 
the hydrogen of the latter unites, in its naf- 
cent ftate, with the oxygen of the metal, and 
reduces it, forming a new quantity of water 
equal to that decompofed :' this new quantity 


of water may be decompofed in its turn: fo 
that a thimble full of water would be fuffi- 


cient to reduce any quantity of metal; pro- 


_ vided the water were prevented from e{caping, 


and time enough allowed. 
Befide this fource of water, the air of the 


_atmofphere, which contributes to fupport the 
fire is an inexhauftible magazine of water: 


and the hotter the air is, the more water it 


holds in folution ; as M. Le Roy ha§ demon- 


{trated *. Moreover all metallic oxids and 
ores contain a large proportion of water. 

’ From this view it appears, that the man- 
ner, in which charcoal, and other combuttible 
bodies, effec the. redu@ion of metals, is by 


_atfifting to decompofe water, the hydrogen 


* El. Nat. Hift. & Chem. Eng: Tranf. in-three vo- 
lumes, p. 163. Vol. I. 


ae 
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of which is therefore the only reducer of the 
metals, | | , 

In order to point out the difference between ° 
this opinion, and that of the Antiphlogif- 
trans, I fhall prefent the reader with M. La- 
voifier’s idea of metallic redu@tion. 

«* Tt can not be doubted,” fays that cele. 
brated chymift, ‘* that charcoal at a red heat 
** takes oxygen from all metallic fubftances: 
“¢ this is.a fact againft which no exception 
** can be made: and it is the foundation of 
‘* the whole theory of metallic redu@ion.” 

But the experiments in this eflay demon- 
ftrate, that this aflertion 1s erroneous in every 
inftance of metallic reduction: for fo far is 
tt from being true, that charcoal takes oxy- 
gen from all metallic fubftances, that it never 
does fo in one fingle inftance; fince its car- 
bone always unites with the oxygen of the | 
water, the hydrogen of which unites imme- 
diately to the oxygen of the metal, and re- 
duces it. 

‘© Buf this a@tion of charcoal on oxygen,” 
adds M. Lavoifier, ‘‘ this property, which it 
“* poffefies of taking it from metallic fub- 
“* fubftances, is not fo {trong in the cold, as 
“ ata red heat, fince we are unacquainted 
* with any metallic revivification effected by 
‘* charcoal without heat *.” : 

It is evident that this, mode of reafoning is 
no longer of any weight; fince charcoal does 


# Eff. on Phlog. a new Ed. by M. Kirwan, p. 60. 
reduce 
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reduce metals in the ordinary temperature of 
the atmofphere. 
_ The reafon charcoal is more powerful in 
high degrees of heat, than other reducers of 
the metals, isits great fixity in the fire, and 
the immenfe force, with which it attraéts, 
and imprifons water in: its pores: thus pre- 
venting its efcape till it be decompofed by 
an affinity, which is much more complex than 
_has been hitherto imagined. | 
___ Another .reafon of the fuperior power of 
charcoal in metallic reduction is, that it forms 
a volatile elaftic fluid with the oxygen of the 
water, which flies off; and confequently does 
hot react on the metal, or difturb, or impede, 
by its prefence, the aGion: of the reducing 
Powers; advantages that phofphorus, or any 
Other combuftible fubftance, which farms a 
fixed acid, that reaéts on the metal, can never 
poftefs. - Sa 


CHAP. 
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CHAPTER VIII. 
REDUCTION or METALS — 
iSpy ef ip es 
va tok Cae 


THe next fubftance, I fhall treat of, is 
Light, which feems well adapted to illuftrate 
the theory of metallic redu€tion’; as in ex- 
_ periments made with this fubftance, water 
ean be moré effectually excluded, than in 
trials with any other reducer of the metals. ~ 
Before any decifive experiments could be 
made‘on ‘light, or indeed any other reducer 
of the’ metals, it is obvious that we fhould 
firft afcertain the effets of water itfelf in the 
ordinary temperature of the atmofphere : to 
determine this point, the two following ex~ 
periments were made. | ; 


Exe. 1. GoLp. 


A piece of filk was immerfed in an aqueous 
folution of nitro-muriate of gold, and fuf- 
pended ina phial over water: the phial was 
corked, covered with black filk, and placed 
in a dark clofet, to prevent the action of 
light. The experiment was continued from 
the zoth of July to the 2oth of Odober, 

during 


ey 
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during which time the-filk was frequently 
obferved, and found to continue moift: but 
no alteration could be perceived, except that 
the yellow colour, which the {olution of gold 
gave the filk, was changed to a light brown, 


~ The filk was now taken out of the phial, 


and ie on of phofphorus in ether applied 


iz: ortly after, a white metallic film ap- 
peared: the filk was then kept wet with 
water, and in fome time, reduced gold of its 
Proper colour appeared, | 


, Exp. 2. ‘SILver., = 
_ A bitlof filk, which was dipped in an 


_ aqueous folution of nitrate of filver, was fuf- 


pended in a phial over water, and placed in. 
a:dark clofet, from the 20th ‘of July to the 
20th of Oétober, and examined from time 
to time; but ho alteration could be obferved ; 


its white colour: continued pure, and un- 
_ changed. - 


: 


The filk was now taken out of the phial, 


| and the filver was immediately reduced by 


_ Ineans of -a folution of phofphoius in ether. 


« Hence it appears, that water alone has not 
the :power of. reducing metals in the ordinary 


_ temperature of the atmofphere, 


/ 


Exp, 3....Goxp. 


© On-the 24th of July a piece of filk was 
immerfed in a folution of nitro-muriate of 


Sold in water, and dried by a gentle heat; it 


Was 
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_ was then fufpended in a window, expofed to 
the funbeams, as much as poffible: nochange 
was perceived on it, till the 26th, when fe 
margin of the filk began to affume a purple 
tunge, which increafed gradually, and on the 
2gth exhibited a few obfcure fpecks of reduced 
gold on the fide of the filk oppofed to the 
light. ERS % a 
The purple tinge continued to increafe, 
and the yellow, which the folution of gold 
gave the filk, decreafed gradually, till on the 
27th of Auguft the colour was a mixture of 
purple, and light brown. 
_.The reduGion of the gold feemed_to keep 
pace with thefe changes of colour, and was 
very evident on fome parts of the filk even | 
in’ the gray light ; but: much more fo in funs 
fhine : thefe.changes were obferved ‘ull the 
zoth.of Oober;, the experiment was then 
difcontinued; ard -fcarce any reduced gold 
could be feen on the fide of the filk not*ops 
pofed.tethedight, os woa onal om 
That this flight redudtion of the gold, and 
changes. of colour in the. filk, depended on 
water abforbed from the air of the chambre, 
will appear from the following experiments. 


BxpxaiteGoLtpy 


‘A bit of filk, which was dipped in the 
{olution of gold employed in the preceding 
experiment, was dried, and fufpended-in a 
cryftal phial over dry carbonate of pores 

the 
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the phial was then corked, and further fe- 

cured from external humidity by covering the 
cork with wax: it was now placed in a dark 
 clofet 24 hours, that the carbonate of potath 
might have fufficient time to-attract all the 
_ moifture, it could, from the air of the phial, 
before expofing it tothe ation of light. 
The phial was then placed in a window, 
 expofed, as much as;-poflible, to the folar 
light, from the 24th of July to the zoth of 
_ O@ober, and. carefully. obferved: the fame 
‘ fide. of the filk was always oppofed to. the 
_ light, and had the yellow tinge, which.the 
~ {olution of gold gave, altered to a brownifh 
_ yellow: but the other fide of the filk fuffered. 
_no-vifible change whatever; nor could any 
_ purple tint, or the fmalleft veftige of reduced 
B sold be, perceivedtes ier. owen | . 
_. Another bit of filk, which was immerfed 
in the fame folution of gold, and dried by a 
gentle heat, was fufpended over fome dry 
carbonate of potafh, contained in a cryftal 
» phial covered with black filk, and placed in a 
dark clofet, during the fame {pace of time; 
underwent no vitible change whatever. 

Both thefe bits of filk were now taken out 
of the phials, and the gold was inftantly re- 
ftored to its metallic {plendour by means of 
_ water and a folution of phofphorus in ether: 

a proof that the nitro-muriate of gold, in 


thefe bits of filk, fuffered no change, during 
that {pace of time. 


Le Exp. 
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Hepes is. GoLp, 
A piece of filk, which was dipped in the 
fame folution of gold, and placed on a china 
plate expofed to the funbeams, 4 
derately wet with water during the expe= 
riment: the firft alteration obferved was, 
that the yellow colour of the filk ee 
change to a faint green, fucceeded by a pur- 
ple tinge, which in about fifteen minutes éx- 
hibited fome particles of reduced gold: feon 
after the threads of the filk, which acquired 
this purple tint, were gilded with gold ; and, 
in about an hour, the whole of the fk was 
covered with a fuperb coat of reduced gold, 
exhibiting the texture of the filk in a beau- 
tiful manner. | ae i 
The purple tinge, which attended the re- 
duction verged in fome parts on red, and in 
others on blue. 
This experiment, which is very amufing, 
I have repeated times unnumbered: and. 
when the fun is powerful, and the folution of 
gold properly prepared, and of due ftrength, 
the coat of reduced gold is fo bright, and 
dazzling, as to diftrefs the eye of the be- 
holder. 
I fd, that the beft way of preparing a 
folution of gold for this purpofe 1s to feparate 
the oxid of gold from its folution in nitro- 
muriatic acid by means of good ether, 
The filk may be dipped in this ae 
an 
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and when the ether evaporates, kept modé- 
rately wet with diftilled water. 

Tt was with this folution in ether that I 
firft reduced gold in the fibres of filk, and it 
was by means of the fame, I difcovered,. that 
water was a neceflary condition in thefe re- 


du@ions by light. 
ee : ae 
Exp. 6.. Gorn. 


A bit of filk, which was dipped in a folu- 
tion of nitro-muriate of goldin alcohol, and 
_ placed on achina faucer, expofed to the fun- 
beams, was kept wet with aleohol for the 
{pace of an hour ; but no change even in the 
colour, which the folution of gold gave the 
filk, could be perceived. ieee | 

The alcohol diffufed the folution of gold 
unequally through the filk: the rays of the 
fun being intercepted, fulpended the expe- 
_ iment: there was no funfhiné on the ‘fol- 
lowing day: on the third day the filk was 
again expofed to the funbeams, and kept wet 
with alcohol, which extracted a yellow tinc- 
ture ; a proof that the gold in the filk fuf- 
fered no degree of redu@tion: the fun fhone 
pretty ftrong for-an hour, or more mans at 
‘length, a faint tinge of purple, followed by | 
fome reduced gold, appeared. 

‘The preceding experiments leave us no 
room to doubt, that the purple tinge and the 
{mall quantity of reduced gold, that appeared 
in this experiment, depended on water at- 

Ls 2 : tracted, 
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tracted from the air, or depofited in the filk 
by the alcohol during its evaporation. 

Mr. Scheele reduced a folution of nitro- 
muriate of gold in water by expofing it in a 
phial for a fortnight to the rays of the fun *: 

Mr. Lewis alfo made many experiments 
on the ftaining of marble, an er fub- 
ftances with metallic folutions, and ght}. é 


EX?.'4., SILVER. 


A piece of filk, which was immerfed ina 
folution of nitrate of filver in water, was 
dried by a gentle ;heat, and expofed to, the 
light of the fun as much .as poflible in the 
window of a chambre from the 2oth of July 
to the zoth of Odtober. i big 
_ In lefs than an hour the filk acquired a 
reddifh brown colour: next day the colour 
became more intenfe, and gradually increafed, 
till, on the third day, it bordered on black, 
which increafed flowly : at length part of it 
became gray, and a few minute particles of 
reduced filver could be diftinguifhed : the 
black tinge gradually difappeared, and the 
filk was of a reddifh brown colour: the re- 
duced filver had a gray caft. 

The following experiments demontftrate, 
that the changes of colour, and the few par- 
ticles of femireduced filver depended on water 
attracted from the atmofphere. , 


* Experiments on Air and Fire, Eng. Tranf. p. 82.. 
+ Commerce of the Arts. | 


; 
; 
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Exe. 8. SILVER. 


~ A bit of filk was immerfed in part of the 
fame folution of nitrate of filver in water, 
and dried in the dark: the filk retained its 
white colour : it was then fufpended over dry 
carbonate of potafh in a cryftal phial, which | 
was corked, and fecured from the ingrefs of 
moifture by covering the cork with wax. 

_ The phial was left in a dark clofet 24 hours, 
that the falt might imbibe as much moifture 
as poffible from the filk, and air. ~ ) 

_ The phial was then placed in a window, 
expofed, as much as poflible, to the rays of 
the fun, from the 24th of July to the 2oth 


of Odtober: the filk {carcely fuftered any vi- 


fible change, except a very faint tinge of red- 
difh brown; which was beft {een by tranfmitted 
light ; for the filk viewed by reflected light 
appeared nearly white: but that even this 
tinge, flight as it was, depended on a minute 
quantity of moifture, which the carbonate of 
potafh was unable to extraét, appears from 


the next experiment. 


4EXP. 9. SILVER, 


| A piece of filk was dipped in a folution of 


 fufed nitrate of filver in alcohol, and care- . 
‘fully dried: it was then fufpended over a 
_ quantity of concentrated fulphuric acid in a 


‘eryftal phial, which was coated with a double 
fold of black paper, and gum arabic, reach- 


3 in g 
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ing fomewhat above the level of the acid, to 
prevent the light from aéting on it : the phial 
was corked, and to exclude moifture more 
effectually, the cork was covered with wax. 

The phial was now placed in a dark clofet 
24 hours, that the humidity of . enclofed 
filk and air might be attraéted by the acid ; it 
was then placed in a window, expofed as 
much as poffible to the rays of the fun, from 
the 19th of July tothe 26th of Oftober: but 
the filk underwent no vifible change what- 
ever: its. white colour remained pure, and 
unaltered. . 

The filk, at the end of this period, was 
taken out of the phial, and wetted with wa- 
ter: a folution of phofphorus in ether was 
then applied to it; and inftantly the metallic 
fplendour of the filver appeared. 

Another bit of filk, which was immerfed 
in a folution of nitrate of filver in water, and 
dried in the dark, was fufpended over dry 
carbonate of potafh in a phial, and placed ina 
dark clofet dbout two months; the filk un- 
derwent no vilible alteration whatever; its 
white colour remained pure. 

I was defirous of knowing, if the nitrate of 
filver in this bit of filk fuffered any change, 
that might render it incapable of reduétion : 
I therefore took it out of the phial, and di- — 
vided it mto two parts: one of thefe was — 
wetted with water, and the filver was in-— 
ftantly reduced by a folution of phofphorus | 
in ether, The other part, which was fuf- 

| pended 
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pended in a window, expofed to the air of the 
chamber, and rays of the fun, foon acquired 
-areddifh brown colour. 

- Hence it is evident, that thefe changes of 
colour indicate partial reductions of the me- 
_ tal; and that they never happen without the 
' prefence of water. 


Exp. 10. SILVER. 
A bit of filk, which was dipped in a fo- 


_ lution of nitrate of filver in water, was placed 
_ on aChina faucer, expofed to the rays of the 
fun, and kept moderately wet with water: 
in a few minutes the white colour of the filk 
_ was changed to a reddifh brown, which by 
degrees became darker ; and, in about three 
or four hours, though the folar rays were 
often languid, and intercepted, acquired a 
blackifh gray colour, moft of the reddith 
brown having difappeared: next day there 
was no funfhine ; but towards the evening 
particles of reduced filver were vifible on the 
fide of the filk oppofed to the light. 


Exp.311. Sriver. 


A bit of filk, which was immerfed in a {o- 
lution of nitrate of filver in alcohol » and ex= 
_ pofed to the beams of the fun, as in the pre- 

ceding experiment, was kept moderately wert 
with alcohol; but refitted the action of the 
light much longer than the preceding: how- 
ever, in fome time, fpecks,-and lines, of a 
L 4 reddith 
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reddifh brown, began to appear on fome parts 
of the filk : next day, though there-was no 
funthine, the reddith brown colour incteafed: 
alittle : on the third day, it became more in- 
tenfe; but no black, or gray colour; or ‘par- 
ticle of reduced:filver, could be obferved.. 
Whoever compares this with the preceding 
experiments, can have no doubt that. the 
changes of colour; which. appeared in this 
experiment, depended on water attra¢ted from 
the air, or depofited in the filk by. the alco= | 


hol during its evaporation. 


The experiments detailed in this Chapter, 
prove beyond the power of contradiétion, — 
1. That water is effential to the reduction 
of metals by light: for thefe experiments de- 

-monftrate, that the reduétion can not take 

place without water, ‘and that it is always in’ 

proportion to the quantity of that fluid pre- 
fent. ees Sie se alba 

2. That light does not reduce metals by 
giving them phlogifton, .as Mefirs. Macquer 
and Scheele. fuppofed ; for. were this opinion 
true, light fhould reduce them without the 
aid of water, and as well with alcohol as with 
water. BE seit | 

3, Light does not reduce metals. by.fufing 
and expelling their oxygein, as.the antiphlo- 
giftians, imagine 5. for were :this. its mode of 
agency, the reduction fhould happen without 
the affiftance off water, -and:as well with alco- 

hol as. with.water;'3 ordi geal dovedsaigu 

4. Light is a combuttible!body.; for it ae 
ike 
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like hydrogen, phofphorus, fulphur, and char- 
coal, -in the reduction of metals. ~~ 

Since water then is effential to the reduc- 
tion of metals by light, and fince light does 
not reduce’ metals by giving them phlogifton, 
nor by fufing; and expelling their oxygen, it 
follows, that the water is either decompofed; 
or that it unites with metallic earths,’ and 
conftitutes their phlogifton, or that it unites 
with, and feparates their oxygenious principle = 
but as the two lalt fuppofitions|are inadmif- 
fible, it is obvious that light reduces the me- 
tals by decompofing water. 

After explaining the manner in which other 
combuftible bodies reduce the metals by de- 
compofing water; it will not be difficult to 
explain how light too produces the fame ef- 
fect. f 

But in order to facilitate the explanation, 
it muft be premifed, 

1. That it is a law of attraction, that, when 
any body is deprived, to a certain degree, of | 
another, for which it has a ftrong affinity, 


the attraction of the former for the latter is 


much increafed. i® 
2. That light has a ftrong attraction for 


oxygen, or the bafe of vital air. 


3. That when oxygen is condenfed, and 
fixed in any fubftance, it contains much lefs 
light, and caloric, than it does in the gazeous 
ftate. 

4. That the oxygenous principle exifts in 

water 
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water in this condenfed ftate, and confe- 
quently has a ftrong attraétion for light. 

Therefore, when light reduces the metals, 
it attraéts the oxygen of the water, while the 
hydrogen of the latter unites, in its nafcent 
flate, to the oxygen of the metal, and re- 
duces it, forming at the fame time a quan- 
tity of water equal to that decompofed. 

Hence it follows that the light is oxyge- 
nated, and changed into vital air, while the 
metal is reftored to its combuttible ftate, . - 

‘ 


; CHAP- 


Acids 15S 


‘CHAPTER IX. 


REDUCTION or METALS 
: BY 


Pou oO 


Iv is well known that folutions of gold 
throw up films of the reduced metal to the 
~ furface of the fluid, and fides of the phials 
‘that contain them, . 

It has been fhown, chap. 7th, that this 
__ effe& depends on the prefence of water, which 
is further illuftrated by the following expes 
riments, ' 


Eee or, Sin ver.) 


A dram of faturated folution of nitrate of 
filver in diftilled water was mixed with half 
an ounce of vinegar, in a few minutes, a pre- — 
¢cipitate was formed: the whole was then 
poured on a filter, and wafhed with diftilled 
water: the precipitate acquired a bluifh gray 
metallic appearance: the liquor, which pafled 
the filter, got a brown colour, and became 
blackifh; next day bright films of reduced 
filver floated on the liguor; and in fome 
months after, a confiderable part of the inner 
furface of the phial was coated with reduced 

filver, 
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filver. Dittilled vinegar did not piiadtie this 
effect. 


Exp. 2. PLATINA. 


If a folution of the ore of platina in nitro- 
muriatic acid be evaporated to drynefs; and 
the falt diffolved in water, films of a livid 
white metallic appearance are thrown up to 
thesuxtace, 


EXP. 2. Tin. 


4 

- | Some tin, which was diffolved in a china. 
cup in muriatic acid, and evaporated to dry- 
nets, was diffolved in diftilled water; imme- 
diately white metallic films appeared on the 
furface of the liquor; and after fome hours, © 
_ the whole furface of the folution was covered 
with a continuous metallic pellicle, which 
reflected all the colours of the pes in a 
beautiful manner. 


“Exp. 4. MERCURY 


Mr. Bergman fays, ‘¢ calcined mercury is 
os radhaceds by digeftion in acid of falc; but 
« the caufe has not yet been-{ufficiently ex- 
ter plored,” 

As this reduehen of mercury by. muriatic 
acid'is doubted of by fome; I made the fol- 
lowing experiment. . 


* Elec. Attrac. Eng. Tran. p. 223. | 
A quan- 
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_-, A, quantity of precipitate fer /e was put 


* 


-intoa china cup, placed on hot fand, and fome 


~ muriatic acid was poured on it: the oxid was 


gradually diffolved, and the digeftion con- 


: tinued, till the acid was nearly evaporated : 


¥ 


-fome ‘diftilled water was then poured on the 


“ee 
Fi 


te 


we 


ieee ea 2 peg ek 


~) 


ig 


falt, and minute films of a bright ‘metallic 


" appearance floated on the furface. = 
_ A nitrate of mercury was evaporatéd ‘td 
drynefs ; the falt acquired''a slight tinge of 
yellow’; the cup was reimoved’ from the hot 


- fand, and fome water poured on the falt : im- 


t 


' mediately bright “films of reduced ‘mercury 


appeared ; and in’ about thtée ‘or’ four houts 
the whole furface of the folution was covered 
with a metallic pellicle, ‘parts-of which~ had 
the colour. and {plendour of the metal; and 
Other parts reflected a wonderful variety ‘of 
the moft beautiful colours. . Be 
ERE. ey, PARSE NT ee 

A quantity of white oxid of arfenic and 

muriatic acid was digefted in the fame man, 


her ina china, cup; a fmart heat. was conti-. 
_nued,.till moft of the acid evaporated, and 
plecft behind a mafs of the confiftence-of tar: 


the furface of which had a gray appearance ; 
after it cooled, fome diftilled: water was pour- 
ed on, it diffufed.a difagreeable-{mell,. and 
films of reduced arfenic, were thrown, up to 

the furface; thefe. were for fome time re- 
markably bright, but foon became of 2 dull 


oray 
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gray colour, owing to the rapid tendency of 
this metal to fpontaneous calcination. 


Ex?. 6. MAncGANese. 

Some concentrated fulphuric acid was pour- 
ed ona quantity of the black oxid of manga- 
nefe in a china cup, placed on hot fand: an 
effervefcence was vifible, but no fulphurous 
acid gas was exhaled: the cup was removed 
from the fand, before any perceptible. quan- 
tity of the acid evaporated : then fome water 
was poured on the mixture: and inftantly 
the furface of the fluid was covered with 
very brilliant metallic films: and, at the fame 
time, the folution acquired a rofe colour. — 

Some of the fame oxid of manganefe was 
diffolved in nitric acid, in which a. bit of 
fugar was put: the {olution was poured into 
a china cup, placed on hot fand, and, as the 
evaporation proceeded, ‘bright metallic films 
appeared on the furface. 

Mr. Bindheim of Mofcow relates, that he 
reduced the aérated calx-of manganefe dif- 
folved in nitrous acid; ‘* the folution was 
“¢ placed upon an open fire in a glafs re- 
KOott * 

Happening to pour out a very largely di- 
luted folution of fulphate of iron, I was fur- 
prifed to find the flags of the court in an 
hour or two after, covered with large films 


* Grell's Chem: Jour, Vol. HM. p. 48..-Eng. Tranf. 
of 
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of a livid white metallic afpeét: thefe films, 
after the water. evaporated, remained on the 
flags feveral-days. 

. In confequence of this I poured a largely 
dilutéd folution of. fulphate of iron into fe- 
veral fhallow veffels, and always found the 
furfacé of the folution covered with abun- 
dance of bright métallic films. | 

Talfo found that a largely diluted folution 

of muriate of zinc throws up bright metallic: 
films to the furface.. | 
» The reduction of metals by acids is a very 


convineing proof of the decompofition of 


water, and feems mexplicable on any other 
principle, Si aes DR 
The redution and calcination of metals by 


_ heat and electricity ate naturally explained on 
the fame principle: Doétor Prieftley informs 


us in his Hiftory of Eleétricity, Vol. I. P> 3445 
that S. Beccaria revived feveral of the metals 
by the electric fhock. It is obvious that the 
electric fluid produces this effec in the fame 
manner, that other combutftible : bodies do, 
viz. by decompofing water. When the red 
oxid of mercury is reduced in clofe veffels 
by heat; the latter attra&s the oxygen of the 
water, contained both in the oxid, and in the 
air of the veffels, while the-hydrogen of the 
Water unites to the oxygen of the mercury, 
reduces it, and forms a quantity of water 
equal to that decompofed. 

It is found, that if light and caloric a& 


both at the fame time, the reduction is effected 


1 with 
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with more facility, than if either a@ed fepa- 
rately: in this cafe, the fuperior efficacy of 
the combined ation of light, and ealoric*ré- 
fembles that of other compound reducers of 
the metals ; as that of fulphurated hydrogen 
-gas, phofphorated hydrogen gas,’ alkaline 
fulphure, &c. which are more powerful than 
fimple hydrogen gas, fulphur, or phofphorus. 
» This fuperior efficacy’ of ‘compound 're- 
ducers, is fimilar to ;what:happens with fome 
other combinations of combuftible bodies, as 
pyrites, pyrophori, a mixture of leadiand ‘tin, 
&c. which have a more powerful attraCtion 
for oxygen, than any of their ingredients, in 
a feparate ftate. GOS 
Other acids, .as the ‘gallic, the tartarous, 
- the formic, &c.:and alfo alkalis, as ammonia, 
and foda, have the power of ‘reducing ‘fome 
-.of the metals, faéts well known to chymitfts. 


CHAP- 
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fin, CHARTER.X. 


OXYGENATION 
OF 


COMBUSTIBLE BODIES. 


; Ir has been fhewn, in the preceding chap- 
ters, that water is effential to the redu@tion 
of metals; that it is always decompofed in 
that procefs ; and that the reducing fubftances 
are oxygenated by the oxygen of the water, 
_while the hydrogen of the latter reduces the 
- metals. 

That water is alfo decompofed in every in- 
{lance of oxygenation, and that the oxygen 
of water alone oxygenates combuttible bo- 
dies, will appear from the following obfér- 
vations. | | 


AZOTE: 


The firft cafe of oxygenation, we {fhall 
confider, is that of aofe, in an experiment 
of Dr. Prieftley, which has been urged by 
Mr. Kirwan with great fuccefs again{t the 
Antiphlogiftians. 

“* If the electric fpark be taken in nitrous 
air, it will be reduced to } of its bulk, 
‘and the refiduum is mere phlogifticated 

I Oe alee 
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“air, and a little acid is depofited. Now 
*‘ the Antipblogiftians own that nitrous air 
** contains both pure air and phlogifticated 
‘* air; fince, therefore, this pure’air difap- 
‘* pears, is it. not evident that it was con- 
*¢ verted into water ? and fince the formation 
‘* of water requires the prefenee of inflam- 
“© mable air, does it not follow that the ni- 
«© trous air contained this alfo # ?”” 

To this obje&tion M. Berthollet replies, 
that’'the diminution of the pitrous gas “is 
** owing to the combination of the mercury 
‘¢ with the oxygene, which exifted in the 
66 gas +.” 

But this anfwer is infufficient; as it does 
not account for the water, and acid, that ap- 
peared: and indeed, by this experiment, the 
Antiphlogiftians are refuted on their own 
principles, and the decompofition of water is 
inconteftably proved; for as nitrous acid 
could not be formed without. more oxygen 
than what exifted in the nitrous air, is it not 
evident, that this oxygen muft be derived 
from the water contained in the nitrous air? 
It is obvious then, that the water of the gas 
was decompofed ; which feems to have been 
effe@ted in the following manner. 

The eleétric fpark diminifhes the attraCtion 
of the conftituent principles of the water for 
each other; hence the azote of the gas’ unites 


* Effay on Phlogifton, new Ed. p. 82. in? 
+ Ibid. p. £22. a rae 
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with the oxygen of the water, while the hy- 
drogen of the latter combines with the oxy- 
wen of the gas 5 and thus water and nitrous 
acid are Fornttalt 

The formation of nitrous acid in Mr. Ca- 
_vendifh’s noted experiment, cannot be ex- 
plained on any other principle than the de-_ 
compofiti tion of water: when the eleétric 
{park is taken in a mixture of azotic gas, and 
vital air; the water of thefe airs is Pecan. 
pofed: the eleétric flame leffens the force, 
with which the exygen and hydrogen of the 
water adhere ; hence the azote feizes the oxy- 
gen of the water, and forms nitrous acid, 
while the hydrogen of the water unites aah 
the oxygen of the vital air, and forms a quan- 
tity of water equal to that decompoied, 

When nitrous, and vital air, are mixed ; 
the whole mafs. ‘* hifles, turns red, grows 
warm, and contracts in bulk,” the azote of 
the uitrous air attraéts the oxygen of the 
water, and forms nitrous acid, while the hy- 
drogen of the water unites in its nafcent 
ftate with the oxygen of the vital air, and 
forms a quantity of water equal to that de- 
compofed. 

Hence while the azote of tie nitrous air is 
oxygenated; and the caloric is reftored to its 
eombuftible ftate. 

** But it is to be obferved,” fays M. Berg- 
man, treating of this experiment, ““ that the 
** decompefition .of nitrous air is the effec 
* of a double attraction ; ; the phlogifton is 
M 2 *s attracted 
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** attracted by the vital air, and the acid part 
“<¢ by the water. Therefore, when the mix- 
ture is made.in a phial immerfed in mer- 
cury, the experiment fails *.” 


Hy DROGEN. 


The combutftion of hydrogen gas with vital 
air is explicable only on the decompofition of 
the water contained in thefe airs: thus when 
flame, or a glowing body is applied to a mix- 
ture of them; the attraétion of the principles 
of the water for each other is diminifhed ; 
therefore the hydrogen of the inflammable 
air unites with the oxygen of the water, 
while the hydrogen of the latter feizes the 
oxygen-of the vital air: thus the whole bulk 
of the airs, which are changed into water, 
difappears; and their light, and caloric, are 
reftored to the combuftible ftate. __ 

_ Hence it appears that water is not formed 
during the combuftion of vital, and inflam- 
_-mable air, in the manner the Antiphlogrftians 
fuppofe. 

. Indeed it is obvious, that, if thefe airs con- 
tained no water, they could never be burned : 
for fince they are already faturated with light, 
and caloric, they can have no attraction for. 
any additional quantity of thefe fluids ; and 
' gonfequently can fufter no other change from 
the light, or caloric, of a glowing body, than 


* Elect Attr. Eng. Tranf. p. 211. 
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a greater degree of expanfion, and therefore 
could never unite. 4 

The fame reaping applies to the com- 
buftion of all elaftic fluids. 


PHOSPHORUS. 


Vital air always contains a-large proportion 
of water: when phofphorus is burned in this 
air, it attracts the Oxygen of the water, and 
~ forms phofphoric acid, while the hydrogen 
of the water unites with the oxygen of the 
gas, and forms water, which unites with the 
acid. BL 

Hence the weight of the acid formed is 
equal to the weights of the oxygen gas, and 
phofphorus, confumed ; and the light and ca- 
loric, which appear during the combuttion, © 
-are reftored to their combutftible ftate. 

_ This explanation is confirmed by an ob- 
fervation of Mr. Bergman, who fays, 

~*¢ Tn vital air, without the aid of external 
*¢ heat, phofphorus is confumed very’ flowly, 
“and fcarce at all, unlefs water be pre- 
Suderit 5) 

Therefore the phofphorus does not unite 
to the oxygen of the vital air, as M. Lavoi- 
fier fuppofes, but to the oxygen of the wa- 
ter contained in the oxygen gas. 


* El. Att. Eng. Tranf. p. 213. 
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SULPHUR. 


When fulphur is burned in, vital air, tr 
attracts the oxygen of the water, and forms 
fulphuric acid, while the hydrogen of the 
water attracts the oxygen of the gas, and 
forms a quantity of water equal to that de- 
compofed : the light and caloric are at the 
fame time reftored to their combuftible flate,, 

The fulphur then dogs not umite with the 
oxygen of the vital air, as the Antiphlogif- 
tians imagine, but with the oxygen of the 
water contained in that gas. 


i CHARCOAL, 

In like manner during the combuftion of 
charcoal in vital air, the carbone attraéts the 
oxygen of the water, and forms carbonic 
acid, while the hydrogen of the water unites 
with the oxygen of the vital air, and forms 
a new quantity of water equal to ‘that de- 
compofed. a wes 

Hence the carbone of the charcoal does 
not unite with the oxygen of the vital air, 
as M. Lavoifier fuppofes, but with the oxy- 
gen of the water contained in that gas. — 

That water is decompofed in every in- 
{tance of combuftion, is further proved by 
attending to what pafies during the burning 
of acommon fire: the carbone of the fuel 
combines with the oxygen of the water, and 


forms carbonic acid, while the hydrogen = 
the 
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the water unites partly with the oxygen, and 
partly with the azote of the atmofphere, and 
forms water, and the ammonia, which 
abounds in foot. — 

From thefe obfervations it is evident, that 
M. Lavoifier’s account of the ee Gn of 
water, and acids, is erroneous, and inade- 
quate to explain the phenomena. 

The different kinds of fermentation are fo 
many inftances of the decompofition of wa- 
ter: in every cafe of them, combuftible bo- 
dies are oxygenated by the oxygen of the 
water, while pares: are reftored by its hy- 
drogen to their combuftible ftate. — 

Hence the azote, ammonia, and carbonic 
acid of fermentation, the inflammable air of 
marfhes, mines, &c. the azotic, and hydro- 
gen gas, afcending into the atm here, and 


(=) 
there meeting the vital air difcharged from 


the water of plants, &c. form new quantities 
of ais, and water. 

When the azote is. oxyge nated, it unites 
with the oxygen of the water contained i in 
the air, and forms atmofpheric air, and fome- 
times perhaps nitrous acid, the hydrogen af 
the water combines, at na fame time,: with 
the oxygen of the vital air, and forms a quan- 
tity of water equal,to that decompoted. 

But when. the hydrogen is oxygenated, .a 
quantity of water double that decompoted is 
regenerated; for, the hydrogen, of. the gas 
unites with the oxygen of the, water,, while 
the hydrogen of the latter feizes, the oxygen 

M4 of 
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of the vital air: and thus a quantity of water 
double that decompofed is formed, and that 
part of it which the atmofphere cannot fut 
pend defcends in the form of rain. 
When thefe decompofitions are rapid, the 
phenomena of thunder and lightning appear. 
This account of the renovation of our at- 
-mofphere explams why the phenomena of 
thunder and lightning appear fometimes with, 
and fometimes without rain, and alfo accounts 
for the produétion of the nitrous acid, which 
Mr. Margraaf difcovered in the pureft fnow. 
The breathing of fifhes is a ftriking proof 
of the decompofition of water in reipiration, 
For this view of the formation of our at- 
mofphere I am indebted to a friend well ac- 
quainted with the experiments related in this 
eflay, and’alfo for the application of the opi- 
nion which I venture to advance, to the ref- 
piration of animals, ay t 
The phenomena of vegetation cannot be 
explained on any other principle, than the 
decompofition of water by heat, and light, 
which uniting to the oxygen of the water 
contained in vegetables change it into ftreams 
of vital air, that ferve to renovate our at- 
mofphere: the hydrogen of the water, at the 
fame time, contributes to form the oil and 
other principles of plants, and when thefe are 
decompofed by the various procefies of com- 
buftion, forms a quantity of water equal to 
that confumed in their formation. 
‘The changes, which nitric acid fuffers by 
: expofure 
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expofure to heat, or light, are explained with 

“eafe on this principle: the light unites with 
the oxygen of the water contained in the ni- 
tric acid, and forms vital air, while the hy- 
_ drogen of the water combines with the oxy- 
gen of the acid, and forms a new quantity of 
water equal to that decompofed: thus the 


nitric is converted into the ruddy nitrous acid. 


METALS. 


According to the Antiphlogiftians, ‘‘In 
<¢ every metallic folution by an acid, the 
<¢ metal, in order to become oxided, decom- 
‘¢ pofes either the acid itfelf, or the water of 
<¢ {olution, or it obtains from the atmofphere 
<< the requifite quantity of oxygene. In the 
<¢ fecond cafe, hydrogenous gas, in a ftate 
<* of greater or lefs purity is difengaged; and 
«¢ the acid remains entire without decompo- 
¢¢ fition, which is proved by the quantity of 
s¢ alkali neceffary to faturate it. In the firft 
‘¢ cafe, one of the principles of the acid, or | 
‘¢ the acid deprived of part of its oxygene, 
<¢ i$ difengaged, and fufed in the caloric, 
«¢ which is feparated at the fame time; fuch | 
‘< are nitrous gas, and fulphurous acid gas. 
‘¢ In the third cafe, neither the water nor 
‘* the acid are changed ; {uch is the folution 
“¢ of copper by the acetous acid. 
~“ The muriatic acid, and the vegetable 
acids, which are formed of. radicals, or 
acidifiable principles, which have more 
<¢ affinity 


ce 
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t¢ affinity. with oxygene, than the metals 
¢* have, are not decompofed by thefe metals, 
¢¢ and the oxygene is always afforded to thefe 
*¢ Jaft by the water or atmofphere. Hence 
*« the folutions by thefe acids afford only hy- 
#* drogenous gas, or do not effervefe at all. 
*¢ ‘There are fome cafes in which the wa- 
** ter and the acid are at the fame time de- 
*¢ compofed by the metal, as in the folution 


‘¢ after having abforbed that of the nitric 
«* acid, and reduced it to the {tate of azote, 
“+ itdecompofes likewife the water, and dif- 
46 engages hydrogene. ‘Thefe two principles 
‘ being feparated from their firft compounds, 
** unite together, and immediately form am- 
_ moniac. Hencethere is no difengagement 
* of elaftic fluid, In this cafe it appears, 
“ that the formation of ammoniac, in the 
‘¢ folution of tin by the nitric acid, always 


rier k cme Se 


eerAe. on z: 
_ dt is evident, then, that this account of the 
oxygenation of metals, given by the Anti; 


phlogiftians, is equally complex, as their ac- 
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count of metallic reduction, and improbable ; 
fince every cafe, in which they deny the de- 
compofition of water, and derive the oxygen 
from other fources, is eafily, and naturally 
explained on that principle, as will appear 
from what follows. 
Thus when mercury, or filver, is diffolved 


in nitric acid; the metal attra&ts the oxygen 


of the water, while the hydrogen of the lat- 
ter unites with, and feparates, more or lefs 
of the oxygen of the acid, which is thus 


changed into nitrous air, 


. The fame thing happens during the folu- 
tion of other metals in this acid; the only 


difference ‘being the greater or lefs energy, 


co) 
and rapidity, with which they combine with 
the oxygen of the water. © 
This decompofition of water is confirmed 
by the folution of tin in this acid; in which 


the Antiphlogiftians allow the decompofition 


of theacid, and the water too; for ammonia 
is formed by part of the hydrogen of the 
water, and azote of the acid. | 

In every cafe of metallic folution by ful- 
phuric, and muriatic acids, whether concen- 
trated, or diluted, water is decompofed: the . 
metals attracting the oxygen: of the -water, 
while its hydrogen efcapes in the form of in- 
flammable air, or unites partly with the oxy- 
gen of the acid, and partly with ‘caloric: 
hence the volatile fulphurous acid, and mu- 
riatic acid air, obtained, always contain fome 


hydrogen 
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hydrogen gas, ‘as appears from the following 
obfervation of M. Bergman. «2.7% 

‘¢ By means of vitriolic acid, inflammable 
air 1s obtained from zinc, and iron, as alfo 
‘* by means of marine acid; but, from the 
*¢ other metals diflolved in vitriolic acid, we 
** obtain another fpecies of air, called vitri- 
“* olic acid air; and, by the marine acid, an- 
** other fimilar to the former, called muriatic 
** air, but both more or lefs mixed with jx- 
©* flammable air *.” 

Again, when copper is diffolved in the 
acetous acid; the copper attraéts the oxygen 
of the water, while the hydrogen of the Jat- 
ter unites with the oxygen of the atmofphere, 
and forms water: hence no effervefcence ap- 

ears. 

When alkalies diffolve metals, the latter 
are always oxygenated at the expence of the 
water, which holds the alkali in folution : 
thus when lead, and copper, are diflolved ; 
the.metals combine with the oxygen of the 
water, while its hydrogen unites to the oxy- 
gen of the atmofphere, and forms water: 
hence no hydrogen gas appears. . 

~The oxygenation of metals, and other fub- 
ftances by heat, and air, is eafily explained 
on the fame principle: the metals, &c. unite 
with the oxygen of the water contained in 


6 
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atmofpheric air, while the hydrogen of the 
water combines with the oxygen of the air,. 
and forms a quantity of water equal to that 
_ decompofed. 

This explanation is clearly proved by an 
experiment of Mr. Bergman on the regulus 
of manganefe, which, if kept in a dry place, 
retains its metallic fplendour; but, if expofed 
to moifture, is foon oxygenated, and lotes its 
luftre *. 

It is further confirmed by the authority of 
the diftinguifhed Mr. Scheele, who fays, that 
_ “ the water contained in common atmofphee 
** ric air is the chief caufe of the ignition of 
“* ‘pyrophorus,” which he proved by the fol- 
lowing experiment. 

** I made a very dry air by putting fome 
very {mall pieces of quicklime into a {mall 
‘* matrafs: then I put the neck of another 
matrafs into that of the firft, fo that the 
air of both might communicate; and I 
luted the crevices with wax. ‘Two days 
afterwards J feparated the empty matrafs, 
and poured half an ounce of pyrophorus 
from my phial into it, and immediately 
carefully fhut the aperture up: but1 did 
not obferve, that it grew in the leaft warm: | 
an hour after this, ] puta {ponge moiftened 
in water into the matrafs, and thut it up 
again; a few minutes after the py topho- 
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«« rus began ftrongly to be heated, and fome 
¢* pieces kindled {pontaneoufly +.” 

Many other fas might be adduced to 
prove, that oxygenation cannot take place 
without water, as the combuftion of mix- 
tures of iron filings, fulphur and water, of 
alkaline fulphure and water, &c. ‘in which 
the water is decompofed, and the combuftible 
bodies oxygenated by its oxygen. 

It is evident then from the experiments 
ahd obférvations related in’ this eflay, that 
water is effential to the oxygenation of com- 
buftible bodies ; and that it is the only fource 
of the oxygen that oxygenates them: it is 
alfo evident, that when one body is oxyge- 
nated, another, at leaft, is reftored to the 
combuftible ftate : hence it appears that the 
oxygenation of combuftible bodies 1s never 
effected by a fingle affinity. 

The Antipbloviftians treating as the” pre- 
cipitation of metals by each other, fay, 

“© Since the metals cannot remain united 
‘¢ to the acids, but in the ftate of oxides of 
<¢ a determinate degree, it is eafily conceived, 
“ that by pluaging i into a metallic folution a 
© meral which has a ftronger affinity with 
‘<< oxygene than that which i is diffolved, the 
‘« former muft deprive the latter of its oxy+ 
«gene, take its place in the-acid, and caufe 
he the feconid to fubfide in a form more of 
& Jefs metallic, accordingly as it has deprived 

f 
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«« it of more or lefs oxygene. This is the 
«¢ reafon of the precipitation of filver by cop- 
“© per, copper by iron*,” &c. 
But, this account of the precipitation of 
metals by one another cannot be admitted ; 
for it has been proved in every inftance of re- 
du@ion related in this eflay, that water is 
decompofed, and that its hydrogen is the only 
fubftancé that reftores bodies to their com- 
buftible flate. 3 | 
There is no reafon then to fuppofe that 
nature deviates, in this particular cafe, from 
that uniform fimplicity, which fhe conftantly 
obferves in all her operations. ci 
Therefore it is obvious, that, when oné 
metal precipitatés another in a form more of 
lefs metallic ; the precipitant unites with the 
oxygen of the water, while the hydrogen of 
the latter combines with, and f{eparates, the 
oxygen of the precipitated metal, and thus 
reduces its mabe tes } 
_. The experiments made with phofphorus _ 
and metallic folutions in ether, alcohol, and 
water, prove the truth of this explanation 3 
and fhow that when one metal precipitates 
another in the metallic form, it as like a 
flick of phofphorus, decompofing the water. 
This account of the reduétion of one me- 
tal by another is fupported by the opinion of 
Mr. Bergman, who fays, ~ . 


- * EF on Phlog, new Ed. by Mr. Kirwan, p. a36, ae 
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** Tt is well known, that the calx of cop- 
per, diffolved in vitriolic acid, is precipi- 
** tated in its metallic form on the addition 
** of iron; and that by means of a double: 
“© elective attraction ; for the iron diffolving 
*¢ in the acid would form an inflammable air 
‘« by its phlogifton, were not the copper 
*¢ prefent, which takes it up*.” 

‘The fame author remarks, that a {mall ex« 
cefs of acid is neceflary, and that without it 
no precipitation begins. 

Now fince water is decompofed by iron 

and fulphuric acid, it muft be allowed, 
that, when iron is immerfed in a folution of 
fulphate of copper, the water is decompofed 
by the iron and excefs of acid, the iron at- 
trating the oxygen of the water, while the 
hydrogen of the latter, unites to the oxygen 
of the copper, reduces it, and forms a quan- 
tity of water equal to that decompofed. 
_ The precipitation of filver in its metallic 
form by iron and other metals is to be ex- 
plained in the fame manner: and not by a 
fingle affinity, as the Antiphlogiftians ima- 
gine. 

The redudtion of gold, and fome other me- 

.tals, by folutions of fulphate of iron, and 
muriate of tin, is readily accounted for on the 
principles advanced here ; for frefh made fo- 
lutions of fulphate of iron, and muriate of 
tin, contain hydrogen, and have the power 


6 
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- of decompofing water: the oxygen of which 
unites with the iron, and tin, while its hy- 
drogen feizes the oxygen of the gold, &c. 
reduces it, and forms a quantity ‘of water 
equal to that decompofed. 

The decompofition of water is further 
proved by the large dilution neceflary to form 
the arbor Dian, the purple precipitate of 
Caffius, and other inftances of the reduction 
of metals by one another. 
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CHAPTER XI. 


CONCLUSION. 


I SHALL conclude with a general view of 
the inferences, which I ventured to advance 
in this eflay. 7 

1. Neither the Phlogiftians, nor Anti- 
phlogiftians, account in a fatisfactory man- 
ner for the increafe of weight, which bodies 
acquire during combuftion. . 

2. Their account of the formation of wa- 
ter, acids, and oxids, 1s erroneous; for it has 
been fhown that the oxygen of water alone 
“oxygenates combuftible bodies. . 

3.. Combutftible bodies, as hydrogen, phof- 
phorus, fulphur, charcoal, light, &c. are ca- 
pable of reducing the metals in the ordinary 
temperature of the atmofphere ; and indeed 

I might add, at a much lower temperature, 
as I frequently experienced. 

4. Combuttible bodies do not reduce the 
metals by giving them phlogifton, as the 
Phlogiftians fuppofe; nor by uniting with, 
and feparating their oxygen, as the Anti- 
phlogiftians maintain. 

5. Water is effential both to the reduction 
and oxygenation of bodies, and is always de- 


. compofed in thefe operations. 
e 3 6. Water 
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6. Water does not contribute to metallic 
reduction merely by diffolving and minutely 
dividing the particles of metallic falts, and 
thus removing the impediment oppofed to 
chymical attraGtion by the attraction of co- 
hefion: for were this the cafe, metallic fo- 
lutions in ether and alcohol, in which that 
impediment is equally removed, fhould be as 
readily and effectually reduced, as metallic 
folutions in water are. 

This circumftance, in which all the expe- 
riments on metallic reduétion detailed in this — 
effay exactly coincide, merits particular at- 
- tention, and fhows that the’manner, in which 

combuttible bodies effect the reduction, is the 
fame in them all. ene 

7- When one body is oxygenated, another, 
at leaft, is reftored at the fame time to its 
combuftible ftate; and v. v. when one body 
is reftored to its combuftible ftate, another at 
leaft is at the fame time oxygenated. 

8. Quantities of air, and water, equal to 
thofe decompofed in the different fpecies of 
combuftion, are conftantly a forming. 

Thus nature, by maintaining this balance, 
of power between combuttible and. oxyge- 


. . x) 
nated bodies, prevents'the return of original 


chaos. 

Since then in every act of combuttion, one 
body, at leaft,’ is oxygenated, and another 
reftored, at the fame time, to its combuttible 
ftate, the phenomena of combustion may be 
referred to two heads, viz. : 
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Oxygenation, or the union of oxygen with 
combutftible bodies, and 

Reduétion, or the reftoration of oxygenated 
bodies to their combuftible ftate. . 

And fince in every inftance of combuftion. 
water is decompofed, and one body oxyge- 
nated by the oxygen of the water, while an- _ 
other is reftored to its combuttible ftate by 
the hydrogen of the fame fluid, it follows, 

1. That the hydrogen of water is the only 
fubftance, that reftores bodies to their com- 
buftible ftate. er 

2: That water is the only fource of the 
oxygen, which oxygenates combuftible bo- 
dies. © 
3- That no cafe of combuftion is effected 
by a fingle affinity. | | 

This view of combuftion may ferve to 
fhow how nature is always the fame, and’ 
maintains her equilibrium by preferving the 
fame quantities of air and water on the fur- 
face of our globe: for as faft as thefe are 
confumed in the various procefles of com- 
buftion, equal quantities are formed, and 
rife regenerated like the Phenix from her 
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N OMENCLATURE. of the Chymical Terms 
wes in this is ay. 


NEW NAMES. 
AMMONTA.S.. =) tuts 
Acetite of lead © -  - 

cree 2219) 2 i ae ee 
Azbieg beac.” betes 
Azotic gas - - - 
Alkaline fulphure -  - 
Alcohol mite - 
Carbone —- - 
Carbonicacid - - 
Caloric mp at oak Eke 
Hydrogen. oka rh 
Hydrogen gas - - 


Hydrure of fulphur - - 


Bho fphentis = 


Muriate of tin «§ - - 
—filver - ~ 
avfenic = )= 


zinc a = 
————cobalt - ~ 
Withiorscid ss 2150s)" =). 
Nitro-muriatic acid - = 
Nitro-muriate of gold. - 


—————— platina - 


OLD NAMES. ‘ 
CAUSTIC vol. alkali. 
Sugar of lead. 

Verdirgris. 

Bafe.of phlogifticated . air. 
Phlogifticated air. 

Liver of fulphur. tie, 
Highly re&tified f piritof wine. 
Pure coal. 

Fixed air. 

Heat. 

Bafe.of safigennable: air. 
Inflammable air. 

A compound of hydrogen and 

‘fulphur. 
A compound of hydrogen and 

phofphorus. 
Salt of Jupiter. 


Luna cornea. 


_Arfenic combined with mu- 


riatic acid. 
Marine falt of zinc. 
Marine falt’of cobalt. 
Dephlogifticated nitrousacid. 
Aqua regia. 
A compound of gold and aqua 
regia. 
A compound of platina and 
aqua regia, 
Nitrate 


¢ 


Potafh 


1§2 Nomenclature. 
NEW NAMES. OLD NAMES. 
Nitrate of filver - ~ Lunar nitre, cryftals of the 


———— of mercury - - 
————— of bifmuth - - 
—— of manganefe - 


Oxygen - pee 
Oxygen gas - - 
Oxygenated muriate of 

mercury - - - 


Pruffiate of mercury - 


Phofphorated hydrogen gas 
Sulphuricether - = - 
Sulphureous acid gas - 
Sulphurated hydrogen gas 

Sulphate of copper - - 
zinc - - 
iron - = 
———-manganefe - 
Soda - - =i. 


Tartarite of antimony - 


® 


moon. 

Mercurial nitre. 
Nitre of bifmuth. — 
Nitre of manganefe. 
Bafe of vital air. 
Vital air. 

Corrofive fublimate. 


A compound of mercury and 
pruffic acid. 

Phofphoric air. 

Cauttic vegetable alkali. 

Vitriolic ether. 

Vol. fulphureous acid. 

Hepatic acid. 

Blue vitriol. 

White ditto. 

Green ditto. 

Vitriol of manganefe. 

Cauftic mineral alkali. 

Emetic tartar. 
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